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Report of the Meetings of the Society 
held on Tuesday, 3rd November 1914, 
on Tuesday, 24th November 1914, and 
on Tuesday, 22nd December 1914. 

The Annual General Meeting of the Society was held on 
Tuesday, the 3rd November 1914, in the Imperial Secretariat 
(Treasury Buildings), at 6-16 p.m. The Hon’ble Mr. W. A. 
Lee, F.R.M.S., the President of the Society, was in the 
chair. 

The minutes of proceedings of the last meeting of the 
Society held on Tuesday, the 30th June 1914, were road and 
confirmed. 

The Report of the Society for the session 1913-14 was 
adopted and the election of the following members as officers 
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and members of Council for the session 1914-16 was 
announced:— 

President ... ... The Hon’blb Me, W. A. Lee, 

E, R,M,S, 

Vice-President ... (1) H, H, the Maharaj Rana 

Bahadtje Sir Bhawani 
Singh, K,C.S.I,, F,R.A.S. 

(2) W, J. Simmons, Esq., B,A., 
F.R.A.S, 

■(3) J.Evebshed,Esq,,F,R.A,S. 
(4) Col, Lennox Conyngham, 
R.E., F.R,A,S. 

Secretary (Scientific) ... Dr. E. P. Harrison, Ph.D. 

Do. (Bminess) ... D, N, Dhtt, Esq., M.A. 

Treasurer ... ... Rai Bahadur U, L. Banerjeb, 

M.A. 

Directors of Sections — 

Director of Classes ... Revd. A. C. Ridsdale, M.A., 

F. R.A.S., F.R. Met. Soo., F. 
Ph. S., A.L.C.M. 

Lunar Section ... The Revd. J. Mitchell, M.A., 

F.R.A.S. 

Variable Star Section ... C. V. Raman, Esq,, M.A. 

Meteor Section ... P. C, Bose, Esq. 

Instrumental Director ... S. Woodhousb, Esq. 

Librarian ... ... C. V, Raman, Esq., M.A. 

Editor ... ... C. T. Lbtton, Esq. 

Other Members of Council ... (!) Hari Das Das, Esq., B.E. 

(2) L. Demetrius, Esq. 

(3) J. C. DuTt, Esq., M.A., B.L. 

(4) S. C. Ghosh, Esq., M.A, 

(5) F. C. Gray, Esq. 

(6) J. C.Mitra.EsQ;, M.A., B.L. 

(7) Dr. D. N. Mulliok, B.A., 

D.So. 

(8) The Revd. A. C. Ridsdale, 

M.A., F.R.A.S., F.R.MEr. 
Soc., F.Ph.S., A.L.C.M. 

(9) Captain A. M. Urquhart, 

R.A. 

(10) Mrs. Percy Brown. 
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The President then delivered his address. 

The monthly Meetings held on 24th November and 22nd;. 
December 1914 were presided over by the President, the- 
Hon’ble Mr. W. A. Lee. The papers read at these Meetings 
are published in this issue. 


The Report of the Astronomical Society 
of India for the year ending 30th 
September 1914. 

The Council beg to submit the following report on the 
progress and operations of the Astronomical Society of India 
for the session 1913-14 which ended on 30th September 1914. 

2. Members .—The Society has completed the fourth year 
of its existence. It entered into its fourth session with 210 
members and closed it with 162. There were 9 new admis¬ 
sions and 14 resignations, and 43 were struck off the rolls 
under Bye-law No. 27 for default in payment of subscriptions. 

3. Meetings.~ThQ Council held 8 ordinary and 3 special 
meetings for conducting the business of the Society, and a 
Sub-Committee of the Council met three times to arrange the 
details of an At Home given during the year to the members 
and a number of guests. 

The Annual General Meeting of the Society for electing the 
office-bearers for the session 1913-14 was hold on 31st October 
1913. There wore also 8 ordinary monthly meetings of the 
members at , which papers were read and discussions held. A 
list of the papers read with the names of thoir authors is given 
at the end of this report.. 

4. Public lectures .-.—^Por the benefit of the general public 
three public lectures in popular language were delivered free 
at the Town Hall, Calcutta, on the 8th January 1914, the 
12th February 1914, and the 20th March 1914. The lectures- 
were on the following subjects :— 

(1) The Great Star Map 

(2) Jupiter. The Giant Planet 

(3) Astronomy—Ancient and Modern, 

and were delivered by Mr. A. B. Chatwood, B.A., P.R.A.S.,. 
Director, Nizamiah Observatory, Hyderabad, by the Rovd.. 
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J. Mitchell, M.A., FJEl.A.S., Principal, Wesleyan College 
Bankura, and by Dr. D. N. MuUiok, M.A., D.Sc., P.R.S.S3. 
Professor, Presidency College, Calcutta, respectively. The 
lectures were well attended and were presided over, the first 
by the Hon’ble Mr. P. C. Lyon, C.S.I., I.C.S.j the second by 
the Hon’ble. Mr. Justice C. W. Chitty and the third by the 
Hon’ble Justice Sir H. L. Stephen, C.V.O. The best thanks 
of the Society are due to the Chairman of the Corporation of 
Calcutta for having lent the Town Hall free of charge, except 
for cost of lights and fans, for the purposes of. these lectures, 
to the authors of the lectures ahd to the gentlemen who pre' 
sided over them. 

6. At Home. —On the 4th February 1914 the. President 
and Council of the Society were At Home to the members and 
a number of guests on the grounds of No. 28 Chowringhee 
kindly placed at their disposal by Mm. Percy Brown. The 
invitations were largely responded to and a very enjoyable 
evening was spent. Great interest was taken by the guests 
in the astronomical instruments that were arranged on 
different parts of the grounds. 

6. JowmaJ, of the Society. —^The journal of the Society was 
issued monthly up to April 1914. It was then decided to 
make one issue for May, June and July. In all, therefore, 
there were six monthly issues and one quarterly issue during 
the session. The Memoranda for Observers published in 
these issues were prepared by Mr. Henry Hart of Mangalore^ 
to whom the Society is indebted for his labour of love, 

7. Recognition of the Society. —The following Societies and 
Observatories regularly exchanged their publications with 
those of the Society ;— 

1. Royal Astronomical Society of London, 

2. British Astronomical Society of London. 

3. Royal Astronomical Society of Canada, 

4. South African Association fca the Cultivation of 

Science. 

6. Astronomical Society of Barcelona. 

6. Royal Observatory of Scotland, 

7. Vatican Observatory. 

8. Astronomer Royal, Greenwich. 

9. Royal Observatory of Belgium. 

10. Director of Indian Observatories, AlipOre, 

11. Director of Kodaikanai Observatory, • 
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12. Oxford University ObsePvatory. 

13. BadoliSe Observatory. 

14. Astronomical Society of Leeds. 

15. Paris Observatory. 

10. Astronomical Society of Wales. 

17. Nizamiah Observatory, Hyderabad. 

18. Saraswat Chatuspathi, Calcutta, 

The acknowledgments of the Society are due to these 
Societies and Observatories for this exchange. 

The Journal of the Society continues to be subscribed by 
the following educational institutions ;— 

1. The Presidency College, Calcutta. 

2. The Sanskrit College, Calcutta. 

3. The Hooghly College, Chinsurah. 

4. The E^shnanagar College. 

6. The Patna College. 

6, The Muir Central College, Allahabad. 

7. The Elphinstone College, Bombay. 

The Journal is also supplied free to the Imperial Library, 
Calcutta. 

8. Oavemment grant. —The Council have much pleasure to 
announce that in July 1’914 His Excellency the Governor of 
Bengal favoured the Society with a donation of Rs. 600 in 
aid of its funds and that the question of giving the Society an 
atmual Government grant is under the consideration of the 
Government of Bengal. The receipt of the donation has been 
acknowledged with grateful thanks. 

9. Library. —Some valuable books &nd periodicals were 
kindly presented to the Library by the President of the Society 
during the course of the year, and the number of books other 
than journals has now risen to 222. All possible facilities 
were given to the members for taking out boohs and other 
papers for study. The Lihrary is now kept open, on Kfondays 
every week froin 6 to 7 p.m. 

10. Quari&ri.-r-lhe business of the Society continues with 
the permission of the ComphroUer General to, be conducted 
in two rooms of the Imperial Secretariat (Treasury) Build¬ 
ings which are used during office hours for office purposes 
and the Library continues to be housed in a room in the same 
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bxuldings placed at the disposal of the Society by the Comp¬ 
troller General. The gratitude of the Society is due to the 
Comptroller General for his kindness. 

11. Accownis .—The accounts of the Society for the year- 
imder report are shown in the accompanying statements. 


List of Papers read at the Ordinary Monthly Meetings, 
of the Society, 


1 . 

2 . 


3. 


4. 


6 . 


6 , 


7. 


8 . 


9. 


10 . 


11 . 



Session 1913-14. 


The Shifting Ecliptic 
The forces -which go to deter¬ 
mine the motions of the Moon 
in space 

The composition of the Tonk 
Meteorite 

The mdvements of the Planets 
in 1914. 

Notes on the Moon 

Observations of the Gegen- 
schien. 

An approximate method of 
computing precession in cer¬ 
tain oases 

Saturn in a small telescope ... 

Some mathematical calcula¬ 
tions of the dimensions, 
weight, etc., of Earth, Moon 
and Sun 

Jupiter 


Mira Ceti 

Orbits of Celestial bodies as 
elliptical, parabolic and hy¬ 
perbolic plane curves 


By Mr. Henry Hart. 


„ the Rovd. A. C, 
Ridsdale. 

„ Dr. W. A. K., 
Christie. 

„ Mr. Henry Hart. 

,, Captain A. M., 
Urquhart. 

,, M. 0. V. Raman. 


,, Mr. A. B. Chat- 
wood. 

„ Mr. C. V. Raman. 


„ The Revd. A., 0;, 
Ridsdale. 

,. The Rovd. J., 
Mitchell. 

„ Miss M. 0. Feline., 


The Rovd. A. 0. 
Ridsdale. 
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The President’s Address* 

The End of the World—a Collision in Space, 

Standing as we do in the shadow of the greatest war the 
world has seen, a calamity that came upon us with start¬ 
ling suddenness, we ipay he pardoned if our thought should 
dwell for a few moments on the chances of cosmic catastrophe, 
one for example that would destroy the world. There 
have been several prophecies dealing with the end of the 
world. One of the best known is that contained in the second 
Epistle of St. Peter, in which he says :— 

‘‘But the heavens and the earth, which are now, by the 
same word are kept in store, reserved unto fire against the day 
of judgment and perdition of ungodly men* But the day of 
the Lord will come as a thief in the night, in which the lioavons 
shall pass away with a groat noise, and the elements shall 
melt with fervent heat, the earth also and the works that aro 
therein shall be burned up.’’ 

The authenticity of the second Epistle of St. Peter has been 
Widely questioned. Origen remarked that one Epistle was 
left by Peter, but with respect to the second ho said that 
“ There is some doubt.” Irenaeus only mentions one Epistle 
of Peter, and Eusebius reckoned the second Epistle among 
the bodks of the New Testament of disputed authority. 
Perhaps it docs not matter to us whether it was written by 8t. 
Peter or not; for centuries it has been attributed to him, and 
is believed to bo an inspired prophecy. 

Another prophecy is that of Tsaiali who said : “ Moreover 

the light of tho Moon shall bo as tho light of the Sun, and tho 
light of the Sun shall bo sevenfold, as the light of seven days.’» 

In tho Mahabharata there is a prophetic passage which 
deals with tho end of tho world as follows ;— 

“ 0 King, towards tho end of those ihousancis of years 
constituting the four yitgasy and when the lives of men be<3omo 
very short, a drought occurs extending for many years, and 
then, O Lord of the Earth, men and creatures, endued with 
small strength and vitality, becoming hungry, die by 
thousands. And then, 0 Lord of men, seven blazing suns, 
appearing in the firmament, drink up all the watesrs of the 
earth that aro in tho rivers or seas. And, 0 Bull of tho 
Bharata race, then also everything of tho nature of wood and 
grass that is wot or dry is consumed and reduced to ashes. 
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And then, O Bharata, the fire called Samvartaha, impelled 
by the winde, appearoth on the earth that hath 
already been dried to cinders by the seven suns. And then 
that fire, penetrating through the earth, and mahing its 
appearance in the nether regions also, begetteth great terror 
in the hearts of the gods, the Danavas and Yakshas. And, 
O Lord of the Barth, consuming the nether regions, as also 
everything upon this earth that fire destroyeth all things in 
a moment.” 

Tliere is no need to labour over the similarity between the 
seven suns mentioned in this passage and Isaiah’s prophecy 
that the light of the sun shall be sevenfold. The number 
seven was peculiarly sacred from the earliest historical times, 
and would be not unlikely to appear in this way in a 
prophecy claiming credence, but the point in which all these 
prophecies are in agreement is that the world will bo des¬ 
troyed by fire, and it will, then, be interesting to us to con¬ 
sider how the destruction of the world by fire might come 
about. 

It occurs to us at once that the interior of the earth is hot, 

Tho Earth’s Intor- and that perhaps the internal heat might 
nal Hotkt. in some way come to the surface. In all 

deep mines tho heat mcreaaos with tho depth, and the tem¬ 
perature of tho rock has bo-on carefully observed in tho 
deepest mines in order to find out at wl»at rate the tempera¬ 
ture increases witli the depth. Observations in mines and 
boreholes exceeding 11,000 feet in depth, situated at places 
as far aiMirt as Virginia, Lancashire, and Leipsio, the 
latter being 6,000 feet from tho surface, showed that the 
heat increased by every 74 feot, 06 foet and 67 foot of depth, 
tospootively. Wo have no idea whether tins rate of increase 
continues, neither do wo know how far in from tho surface 
the maximum temperature is reached, but the increase 
appears to bo uniform as far as our deepest observations go, 
and that is about a mile and a quarter, and wo aro therefore 
bound to assume that tho same rate of increase contiivuos for 
a further considerable distance. The ineroase in temperature, 
to tho observed depths, amwints, wo may say, to about 75 
dogr.’cs or more for a mile of depth, and at this rate of increase 
wo should rca(th the molting point of lead at a depth of 7^ 
miles, of iron at Ifi miles and of platinum at 23 miles, and the 
tompt»raturo at which coke is transformed into graphite 4,000. 
' li’ahrenheit would bo ix^achod at OB miles. 

If tho circle which 1 have drawn on tho black board, two 
foet in diamotor, represents the earth, the thiokness of tho 
chalk line represents a depth of about 100 miles, so that a 
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deptb of 53 miles is only a very Mttle way into tlie interior 
of the earth, and. it is very probable that the temperature 
continues to rise to a greater depth than 60 miles or even 100 
miles. Whatever the temperature may be in the interior of 
the earth there can be no reasonable doubt that if is very 
high, quite sufficient to destroy everything on the globe if 
only it could reach the surface. 

The weight or the rocks forming the crust of the earth with 
which we are acquainted is such that a cubic foot weighs 
from 160 to 180 lbs. Taking 170 lbs., as on average, one mile 
of thickness will give a pressure of 2| tons per square inch, 
and at a depth of 60 miles, the pressure is therefore over 130 
tons per square inch and at 100 miles it must be 276 tons per 
square inch. At such pressures as these, rocks become plastic 
and even cold steel would flow, and the interior of the earth 
must consequently be fluid even if it were cold. But it is 
not cold, and the evidence of heat suggests that the tem¬ 
perature is so high that the ordinary substances we know are 
liquefied. 

The combined effects, therefore, of pressure and heat must 
be such that under the crust the earth is fluid, and. conse¬ 
quently, its structure must be in a condition of equilibrium, 
except for the comparatively small disturbances that take 
place in the crust. This explaias how it is that earthquakes 
originate in the crust of the earth, and not at great depth, 
the gpreatest depth of origin of any earthquake is believed 
to be not more but probably less than 20 miles. 

The question then arises as to whether any alternation in 
the existing conditions is likely, leading to a condition of un¬ 
suitable equilibrium, so that the interior hot materials could 
over flow the surface. The stresses sot up in the crust of the 
earth by cooling are only likely to cause wrinkles, and there 
is nothing to suggest that the crust could over break up, in¬ 
deed its very weighty, and the plasticity of all but the surface 
of it, indicate that whenever any part of the crust reaches « 
condition of unstable equilibrium a settlement soon occurs, 
as is manifested in earthquakes. For anything more than this 
to appen the shape of the earth would have to be altered and 
the alteration would have to take place with some rapidity 
or the crust would settle down tp suit the altering shape, the 
settlings being probably pimotured by series pi earthquakes. 
We may therefore be satisfied that there is nothing in the 
condition of the earth nor in the constitution of the solar 
system which gives any support to the idea that the world is 
likely to be destroyed by fire. 
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Let us look beyond the solar system for a moment, and 
consider the stars, as they are called, 

Tho Dark Stars. Tsvhich have appeared in various parts of 
the heavens from time to time. 

On February 19th, 1901, a certain part of the constellation 
Perseus was photographed at Haiward, and the photograph 
showed all the Stars down to tho eleventh magnitxido. On 
the night of the 21st a now star was noticed in Edinburgh as 
between the second and third magnitudo. In the next two 
days it became brighter than Capclla. Its brightness there¬ 
fore ineroased in about throe days from less than tho eleventh 
to tho first magnitudo, an increase in light of more than ten 
thousand times. In the case of this star wo had clear evi¬ 
dence of tho extraordinary rapidity with which a new star 
can blaze up, a rapidity that had always been suspected but 
in only one other case had boon observed, and now that it 
was clear tho change was sudden, explanations of tho increase 
in light which otherwise seemed plausible had to be put aside, 
and tho theory that it must have been duo to a collision between 
the Star and another body has gradually gained ground. 

Nova Porsoi, as tho now star is (»alled, was' so bright that 
its light could bo examined spoetroscopieally with ease and 
every detail of tho character of tho linos and hands was closely 
watched, and tho changes in tho constitution of tho star and 
the movements of its gases wore obsorved and noted. These 
appear to liavo boon in agrooment wit h what would Imvo boon 
expected if there had bet^n a collision with anf)ther body, 
and as tho proofs have accumulated it is now generally hold 
that this is tho most probable exj)lanation of tlie apparitions 
of bright stars which have sudtUudy a})pcared in tlui sky. 

Wo naturally at onoe ask oursislves what dark bodies therie 
are in space and what are tho (fhaneos of a collision. We 
know small dark bodies, which <!ome into <!ollision with tho 
earth and appear as meteors wh(>n friction with the upper 
atmosphere causes heating. We arc alsci well iu*({uaint«d 
with larger dark bodies ; all the planets art^ <lark, and are only 
scon by tfho light they relleet, from the Sun. Tluux* may bo a 
very larg<^ number of dark bodies in rtpa<‘«*, bodies which 
having nwliated tlieii' store of heal are now (<*o cold to shine hy 
their own lights. As far as w<( know, <air Sun and all the stars 
are cooling in proj>ortion as they an* radiating their heat, away 
into space, and as tlui stock of eti(*rgy with which they com* 
moncod their oaroor isgriulually dissipated, tlie light and boat 
they radiate must bo diminishe.d until at length the heat is so 
much rodueod that light is given off, niul the star will l»« 
dark. 
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Among the stars we see many which seem to us to be wan¬ 
ing, and to be in an older stage of radiation, indicating that 
they are further advanced in the process of cooling, and nearer 
to the time when they will be cold and dark. How many 
stars, large or small, have cooled down so far that they now 
emit no light, we have no means of knowing, but the number 
may be large, may be greater than the number of visible 
stars. 

The Sun with his attendant planets is sweeping through 
space, and all the Stars are also each travelling through space 
with a considerable velocity and it is, therefore, possible i^at 
we may some day meet a dark body. If this dark body 
strikes the Sun or grazes the Sun, and if it is sufficiently large, 
the quantity of heat that would be generated would be so 
largo that the hot envelope of the sun would bo extended to 
an enormous extent, perhaps oven engulfing the world, so 
that the inner planets would be absorbed into the blazing 
Sun. 

If the force of the collision were somewhat less, so that the 
hot atmosphere of the Sun is only expanded to a compara¬ 
tively small extent, the increase of the solar radiation would 
still be sufficient to vaporise ail the water in the seas and to 
burn up every thing on the surface of the earth. It appears 
therefore that what has happened in the case of the new stars 
might happen to our sun as a result of a collision with a dark 
body and in that case the prophecy of St. James would be 
immediately fulfilled. If an approaching large body were to 
collide with the earth there would bo the same evolution of 
heat and vaporising of all water and many of the less refractory 
substances, and the destruction of the earth would bo prac¬ 
tically instantaneous. 

If a large body approached the Sun closely without actually 
touching it or touching any of the planets it would swing 
round the Sun and pass on into space in an orbit probably 
hyperbolic. In passing it would so disturb the Sun by its 
attraction that the deformation of the Sun would cause the 
evolution of .a good deal of heat, perhaps enough to destroy 
the world, and if this body passed near the earth the defor¬ 
mation of the earth by its attraction of the rotating earth sot 
up sueh stresses that the earth’s crust would split and crum¬ 
ble and the tides would sweep round the earth over aU the 
land. • 

It is evident that a celestial c.atastrophe is quite possible, 

, Hov the Cataclysm and it may be interesting to inquire how 
would oomc. long beforehand we should have any 
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knowledge of the coming disaster. Suppose that we were to 
meet a body of the same mass as the Sun. Being cold and 
dark it would have become consolidated by ahrinHng as it 
cooled and it may be assumed to be a smaller dimension than 
the Sun, say about 650,000 miles in diameter about five-eighths 
of the Sun’s diameter. 

Such an object would appear as soon as it came near enough 
for the reflected Sun’s light to illuminate its surface. It 
would seem to be about the 10th or 11th magnitude at a dis¬ 
tance of 22,000 million miles and might then be photographed, 
and might be recognised as a near body as it would have 
a disc about twice the apparent diameter of Neptune, and 
rather more than that of Uranus. 

Let us suppose that this object was approaching the Sun 
with an initial velocity the same as the velocity with which 
the Sun is travelling through space, say 10 miles a second. 
The approach of the dark Star would at first be almost limited 
to its own initial velocity of 10 miles a second, the attraotiorl 
of the Sun would be very little felt. 

For the next twenty years the dark Star would be coming 
nearer, always with slightly increasing speed, and at the end 
of that time it would appear as a star between the 6th and 6th 
magnitude, about as bright as Uranus, and plainly visible to 
the imaided vision. Being so much larger than Uranus it 
would be a very conspicuous object in the telescope, as it 
would be half as largo again as Saturn. long before this it 
would certainly have boon discovorod by the telescope, its 
large diameter noted, year after year its paxaUax and its. 
increasing diameter, would have boon measured, and the size 
of the body would bo known, also the fact that it was ap¬ 
proaching the Sun and by the time it became visible to the 
naked eye the date when it would roach the Stm’s surface 
would have been calculated with some accuracy, and all the 
world would know of the coming disaster. 

In another 4 years it would bo about as distant as Neptune 
and would shine as a first magnitude star, but its apparent 
diameter would be about the same as that of Jupiter at his 
nearest. 

In another year it would roach tho distance of Uranus and 
would be brighter than any star except Sirius and Canopus, 
but its apparent diameter woxtld then be half as large again 
as that of Jupiter so that in a tolesoopo it would bo a very fine 
object indeed. In one year more it would roach tho same 
distance as Jupiter, and would shine with 100 times the 
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of Sirius, 6 magnitudes brighter. Its apparent diameter 
would be about six times that of Jupiter, about an eighth 
that of the diameter of the Moon. Then its progress being 
continuously more and more rapid, its speed would become 
so great that in a couple of months it would strike the Sun. 
In the last month, as it came near the Sun it would be a 
brilliant object in the sky. Approaching the Sun itself in 
brilliancy it would eventually be visible in broad daylight. 
Owing to the vaporisation of water and other substances its 
atmosphere would expand, and heavy clouds would form. 
Its apparent diameter would therefore considerably increase, 
as the clouds would reflect the sunlight and would hide its 
surface from view. 


If the earth chanced to bo in that part of its orbit at right 

angles to the line joining the centres of 
T ^ ColliglOn . Slght at 

the moment of contact can be faintly imagined. Each 
sphere would bulge out to meet the other and their adjacent 
surfaces would fall together and mingle. In fifteen minutes 
after they touched, the smaller globe would have been 
completely engulfed in the larger whose substance would 
be splashed out. Some portions would probably leave 
the combined mass at such speeds that they would not 
return. The whole mass would be vapourised with an 
enormous evolution of heat. I have assumed that the dark 


star was approaching with the same initial velocity as 
that at which the Sun is travelling through space. If the 
velocity of the dark star were less the approach would be 
slower, and wo should have longer warning. 


The direction assumed, that in which the Sun is moving, 
would not bring tho dark star near the earth, but if we sup¬ 
pose a dark body approaching from some other direction it 
might pass near the earth. The first result of this would be 
to deflect the earth from its normal path and its orbit might 
be reduced so that the earth would revolve round the Sun at 
a much less average distance, the distance at perihelion 
would be likely to be so small that the fierceness of the Sun’s 
heat would destroy life, even if no collision of the dark star 
with the Stm or disturbance of tho Sun’s equilibrium caused 
an increase in the Sun’s heat. 


An approaching dark body might be very much smaller 
than we have assumed. Suppose that the dark body were 
the size of Jupiter. I twould then only become visible teloa- 
copically at 6,000 million miles, and to the naked eye at 3,000 
million miles. I’rom the time it became visible we should 
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have about five years before it actually fell into the Sun. If 
It was only as large as Uranus, it would only become visible 
to the naked eye as Uranus is now visible, and would reach 
the Sun in three years from that time. 

We are therefore bound, yqu see, to have some warning qf a 
collision of a dark body with the Sun causing such, an out¬ 
burst as would destroy the world. The larger the dark body^ 
the greater the collision, and the more extensive the j&nal 
eatastrophy, the longer our warning would be, extending t<y 
perhaps twenty or thirty years. On the other hand if the 
dark body were of the smallest size that by its direct collision 
with the sun could cause the evolution of enough heat to 
destroy the earth we miglit only have a couple of years of 
warning. 


Dynamical Theory and Tidal Friction. 

Questions regarding the tides have been recognised as 
being of the very first importance by great sea-faring nations 
like, the English from the remotest antiquity. The ancients 
must have early discovered that there was a connection 
between the ebb and flow of the tides and the diumtd 
motion of the Moon. Caesar shows ns in his De bdlo 
Gallieo that he possessed a rough and ready idea of thait 
connection. He must have noticed that the intervals 
between, the times of high water were equal to half thoss 
between the Moon’s meri«3ian passage. Of course he did not 
know that the Moon could cause high tides when on the meri¬ 
dian below the horizon. For high water is not produced 
merely under the Moon, but equally (or to be more accurate, 
almost equally) on the side of the Earth furthest removed, 
from, the Moon. These great tidal waves are separated from 
each other by J circumference of the Earth. As the Earth 
rotates, every part of its surface that is roughly in the sams 
plane with the Moon, passes successively under these tidal 
waves. And then it is high tide at these particular places. 
But if the Moon’s absolute attraction caused the tides, 
there would be only one high tide, whereas thete ate 
two tides daily. Again if the Moon^s tidal force were eotiail 
on all the component parts of the Earth, there would he.no 
tides at all. Why then are these two lunar tides (we, are, foSr 
aniplicity's sake at present neglecting the solar tides) daily .? 
M the soLd part of the Earth were fixed in space, and if the 
Moon were> also fixed then there would be but one high-tida 
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lieaped up always under the Moon. But Earth and Moon 
are all the time tracing out ellipses round each other, or to be 
more accurate, around their common centre of gravity, which 
is about 3,000 miles distant from the Earth’s centre, and so 
the conditions are quite different and more complicated. The 
great mathematician Newton was the first to give us any¬ 
thing like a rigorous theory of the tides. But he necessarily 
left this very difficult problem imperfectly solved. He showed 
that every particle of water on the Earth is attracted towards 
the Moon with a force proportional to her mass, and to the 
inverse square Of her distance from the particle. Hence she 
attracts a particle nearest to her, more than a particle at the 
Earth’s centre, and still more than a particle on the furthest 
side of the Earth away from her. Therefore she diminishes 
the Earth’s attraction on any particle of water nearest her, 
and on any particle on the furthest side from her. Now, if 
you have two bodies not far apart, and attach to them two 
long strings, smd if then you pull the strings towards you, you 
will thereby also pull the two bodies towards each other. And 
this accelerating force driving the balls together, varies 
in the ratio of the distance of the balls from each other, and 
the inverse ratio of the length of the strings. Thus the Moonls 
tidal force on the waters which lie at 90° from the common 
plane of the Earth and Moon reinforces the Earth’s attrac¬ 
tion there. But the Moon’s contr^tive tidal force at these 
points is only |xher tidal differential or separative force 
above mentioned. Of course the Moon exerts a tidal force 
upon the Earth’s matter as well as on the ocean, but the 
firmness of the Barth’s solid matter destroys any apparent 
reaction to this force. But the fiuid ocean is free to obey this 
tidal force, and thus to exhibit the change in its form. Now 
let us go more accurately and mathematically into the Moon’s 
and Sun’s tidal force on the ocean. Wo will, for the present 
confine ourselves to the tide-raising force of the Moon only. 
The attraction of the Moon on the Barth as a whole is the 

E roduct of their masses divided by the square of their distance. 

et M and to represent the masses of the Earth and Moon 
and c be the Barth’s centre, and n be the point nearest the 
Moon, and / be the point furthest from her. Now the attrac¬ 
tion by the Moon, on the Earth as a whole will be K the 
Earth moving with acceleration K towards the common 
centre of gravity of Barth and Mocm. Now at point n, the 
Moon’s attraction will be K and is greater than at o, 

because the denominator m n is less than m o. Hence the 
Moon tends to accelerate the point n more than the point ci, 
and consequently tends to draw a particle at point n away 



20 DYNAMIOAL THBOEY OS' THE TIDES, AO. [V, 1 & 2. 

from the Earth’s centre. And this relative acceleration can 
be expressed by the formula 2k ^. Agau^ at / the Moon s 
acceleration is and this is less than because the 

denommator m i is greater to m 0 Thorrforo the Mmh 
tends to draw away the Earth from the point i, or m other 
words, the Earth’s attraction on f is diminished by tho Moon a 
tidal force. Thus we have proved that water bo^ at n and 
f tends to be separated from the centre of tho Eartli. we 
have said above that water at the points 90 froni n and f 
tends to be driven towards the Earth’s centre by tho Moon b 
tidal force. Let p be the one point, and q tho other. Then 
the Moon’s accelerating force on p is This force can 

be conveniently resolved into its 2 components, which are 
parallel to o m and p c, respectively. But the component 
that is parallel to c m simply makes the particle at p move 
along with the rest of the Earth, and therefore produces no 
relative acceleration at all. Therefore it is only tho 2nd 
component, viz. :—^that which is parallel to p o, that has any 
effect on the relative acceleration of p. And this constric¬ 
tive force can be represented mathematically by tho formula 
K m = Km K m . Similarly at g the 
Moon tidily attracts g'with relative acceleration K m «=» 
K m -^ == K m . Hence at either points p or q, a 
particle of the ocean tends to approach the fiarth by a force 
—, Of course similar results arise from tho attraction 
of the Sun, the solar wave tending to follow tho apparent 
motion of the Sun, but to a much less degree, booau^ this 
tide-raising force is in the ratio of the masses, but in tho 
inverse triplicate ratio of the distances. And this distance in 
the case of the Moon is only 30 xEarth’s diameter, but in the 
case of the Sun 12,000 xEarth’s diameter. 

The mathematical ratio of the two tide-raising forces of tho 
Sum and Moon, respectively, can be shown thus— 

,, o 2 X ^ 2 X 322,000 - * 

Moon : Sun = a x -5.S ; a x -. tea 5 t Z 

g X g (23,000)* 

(nearly). Thus although the Sun is so much heavier than tho 
Moon, the proportion of the distances cubed is far greater 
than the simple proportion of their masses. The Moon’s 
tidal wave is about 58 inches, that of the Sun only about 23 
inches. Whilst gravity = 15 million x Sun’s tide-raising force, 
it only = 6 million x Moon’s tide-raising force, or about 4 
million x tidal force of Sun and Moon together. As a matter 
of fact however, as the Earth is a spheriod of revolution and 
not a sphere, the Earth’s gravity is more than 4 million x 
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tidal force of Sun and Moon together, being nearer 6 million 
times greater. It can be calculated mathematically, that 
the Moon’s tide-raising force =.lj of her "whole attraction, 
because it is as twice the Earth’s radius divided by the Moon’s 
distance, or And as the Moon’s mass is x 

Earth’s mass and her distance =60 x Earth’s radius, therefore 
the fraction of the Barth’s gravity represented by the Moon’s 

differential tide-raising force =flr x '^^T ^^^ =g x „ And 

since the Moon’s constrictive tide-raising force=i her differen¬ 
tial, her constrictive tide-raising force=g x ^ gg^ooo - Thus if 
the constrictive force =1, the differential will be 2, and there 
is a force altogether of 3 tending to make the water under the 
Moon higher than the water 90® distant. We can easily com¬ 
pare the tide-raising force of the Moon at points n, c and /. 
For the attraction of the Moon— 


at n=g X =g x0‘00000369. 

* (69)» ® 


at c = g X =g X 0-00000347. 

at f=g X ^ 0-00000336. 

It is impossible however actually to observe by experi¬ 
ment the variations in the force of gravity due to the Moon’s 
tidal force, owing to the fact that they are such very small 
quantities. Darwin thus failed to measure them experi¬ 
mentally, because other causes of far larger amounts 
interfered. It should be remembered that the tide-raising 
force due to the attraction of the Moon or Sun varies inversely 
not as tho square but as the cube of the distance, as we have 
shown above by the formulas 2k r, (representing the 
differential force) and k r (the constrictive). This can 
easily bo shown thus. 

Since attraction at n = • 


and attraction at c = 


(d- 
m 

d^ 




.'. tide raising-force at r)® — 


/2d r—-r® 
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's=(Suice i is yety small compared with d) m|-|. It maybe 
iaterestiiLg to compare the difference of the tide-raising forces 
of liloon and Sun at perigee and apogee. Since the eccen¬ 
tricity of the Moon’s orbit is her distances at apogee and 
perigee are in the ratio of (I + : (1—^‘,) = 17 : 16, therefore 

'the tide-raising forces are as (17)* : (15)* = (about) 7 : 6. 
iSince the eccentricity of the Sun’s orbit is his distances at 
apogee and perigee are in the ratio of (1 + Vir) ^ =21: 

19. We have now investigated the amount and the ratios of 
Moon’s and Sun’s tidal-forces at the four cardinal points, 
;wta.:-^hose in the plane of the attracting bodies, and those 
at 00° from these points. It now remains to enquire aS to 
what will be the effect of these tidal forces at other points 
than the four cardinal points. The tidal forces will then be 
tangential forces tending to draw the water towards the plane 
bf the attracting bodies. This tangential force is the 
resultant of two component forces, one of which is parallel to 
the direction of the attracting bodies and the other perpendi¬ 
cular to this direction. This force will then have the effect, 
not of raising or lowering the water, but of imparting to it a 
motion. Its amount and direction can be represented by the 
length and direction of the resultant diagonal, divided by the 
cube of the distance, thus :—^Km . We have 

hitherto been chiefly considering the effect ot the Moon’s tidal- 
attraction, we will now consider the tides as due to both Moon 
and Sun. W® have already shown that the Sun has its 2 tidal 
Vaves as well as the Moon (although in actuality they coalesce 
iio form one ellipse) and that their ratios are as 7:8. At half 
Moons the Stm is at 90° or 6 hones from the Moon. The Sun 
is therefore pulling crosswise to or athwart ihe Moon, trying 
to ma^ it high wnter v^en the Moon is trying to make it low 
water. But the Moon’s tidal-force is x Sun’s tidal-force, 
and as the actual tide is then due to the difference of the 8 
forces, the effect of the Sun is to lower the tide, so that it then 
Jiises and falls least, the height of the tide being then the differ¬ 
ence of the lunar and solar tides. This is called “ Neap tide.” 
When the Moon is iusyzy^es (either hew or fuil Moon) the 
Sun is then reinforcing her tidal-attraqtion and the result is 
the “ Spring Tide ”, when-the tide rises and falls most. The 
height is then equal to the sum of the solar and lunar tides. 
The height of the spring tide =(l'+4)—V that of the lunar 
tide alone. The height of the neap tide =(1—f) = 4^ x the 
lunar tide. Hence the ratio between the spring and the neap 
tide=J^-; 4-^0"; 4. Whbn however the Moon is neither at 
Syzygies tjfor quadratures, the Sun’s tidal-interference with the 
Moon’s ti(^ is of a different natufe at every period of the 
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month, the actual high water is either accelerated or retarded 
by the Sun. Thus in the Ist and 3rd q^uartera of the Moon, 
the Snn will tend to pull the tide westwards of the lunar 
direction, when the time of high-tide will then be accderated 
for us on the Earth’s surface, and the opposite eflEect will take 
place in the second and last quarters, when the time of high- 
tide will be retarded. Because, when the two tidal waves do 
•not coincide, thdr combined culmination n^ust be at a poin,t 
intermediate between them. Consequently the tide is not ,49 
minutes later every day, as it would be if it exactly followed 
the Moon, but some times it is as much as 11 minutes earlier 
than this 49 minutes period {i.e., 24 hours 38 minutes) and 
sometimes later by 11 minutes {i.e., 26 hours). This is called 
the priming and lagging of the tides. The approximate time 
of high water at any particular port in the afternoon of the 
day when the Moon is in syzygies is called the “ Establishr 
ment of the Port.” It represents the mean interval between 
the moment when the Moon crosses the Meridian, and the 
moment when it is high-water at that port. This interv«d 
depends upon local cirousmtances, as to how the tide has tq 
reach the place. Except for the interfering effect of wind 
and barometric pressure, this “Establishment of Port” ip 
constant. This comparative lateness of high-tide is due to 
the interference with the free motion of the tide due to large 
continents, the narrowness of channels, their, length and depth 
etc. At London the estahUshmeiit of port is 1 hour 68 mfnutea, 
so that mean high tide occurs I hour 68 minutes later than 
the transit of the Moon, i.e,, when the Moon’s hour angle is 
1 hour 68 minutes or 29® 30' angular distance from the nieri- 
dian. By correcting for the priming and lagging of the tides 
the lunar time of high-water can be calculated for any phase 
of the Moon. It is very important for maritime purposes tp 
make accurate observations in reference to the estahhslmiient 
of ports, and these observations unfortimately are sometimes 
made incorrectly, owing to observers often confusing the time 
of high-tide with the time of “ Slack-water ” which is quite a 
different thing, and means merely the time when tlw tide 
ceases to flow one way or the other. The heights of the 
spring and neap tides are proportional to the distances of Sun 
and Moon from the Earth. When both are in perigee, spring 
tides will he at their highest, When the Moon is in apogee, 
and the Sim in perigee, the neap tides will then be at. their 
lowest. The tides are greatest, we have said, when 

Sun and Moon are in perigee, but they are in reality stil} 
greater at the Equinoxes, when the Sun is on the equator and 
the Moon therefore necessarily only 5® from it, because then 
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thdr pull in <lir«‘<‘t (tlint in not ohliqiif). 'I’lu-y un* n;ri'(Ui*>,f 
of all, wlu'ii t«» «H tlu'W' favournhlf nrcuiM'»tn»MT‘.( 

tho MoonV noiU'H art* at llu* Ktjuiiioxt'M, whioh hapiH'ti'. ••\cry 
fij yearn. Tlu^ vnrinllotj in flu* liciMht <‘f fiilen tiu«’ <■» t)ii< 
<lwlination of the Sun ami M«»ou. in in cirtineipu'nn* nf the {at l 
that tlu' vertex of the tide wave tends t*> fake if-, pit ifixit 
inunediately under or normal to the Sun and .Mnnii. and iIom 
when the Sun «»r Mtnin shifts North or Sinilh the tide inu-t 
nhift too. Kor example, if the Moon is in N'i*rfh tiri-linittiun, 
and the place on the Karth in in North httifinh* ; of two e.tn 
aeeutive titlen, that which 1 ih]>]H‘Iis when tin- .Miwtii in near fhe 
Zenith will lat grtat,t<!r than that whU'h ha]i}H<nn when the M-ntu 
in near the Na<Hr, hi*eaune the M*M»n‘s h«anf Zimifh di'.tatn-e i-t 
then less than her leant Nadir dintanee, The ilifferffui' will 
be greatent wlam Sun and Miwai are in oppii,siti<tn and in 
oppoHitedeelinationH. This is railed the *' IHurnal Iiieijuahly 
Tluwe tne((uatities in height of fhe tides ean 1 h* reganhd 
aa half p«'riodrt, of a day or fortnight, Hut, after a fiirttiiyhf 
the Mwm’a deelittation will have flat same value but op|»oi>ate 
aign. Henee a htrtnightly fide, in fhe wniui* way Uioje in 
equalitlea In (he heigitta of the tides ean be ndernHl to thi* 
Sun, being then a<<ini-dinrnnt an«l Mix montlity, Wlu^n Imih 
the Sun'a and Moon'a diHdinniioii is Zero, of emirae fheit^ ia no 
Hueh diflewnee in the diurnal, fortnightly or half yearly tide«. 
It iH intertwiing to note that the first atNaiiitfs at finiiiny (he 
relative innsH»‘s of San and Moo»» were made by inennM >tf 
tneaauretnenfM of (he relative heights of tlie Solar ami lunar 
tidoK. Thua, if the spring tide anyadtere ia my 41 fmU , and 
neap-tide i« in had, then (he ralio lunar und solar 

tideBs(41 4-in)! (41“ in)'»2M! 13, ItuI' tidal foives nr«> pro 
portional to the nnuaww and inversely pngiorliomd i«) the 
cnbea of the dietanet*a. Now the Kuna distaiire itua « 


Moon*M dlHtatujo, Thendore the Mmui’s .Mass 


1 


as ^ I 

l;t ^ piHftj* * 


Sun’* maw x ««»«*» mnes, ami m ih„ Kiin'a 

ma«» i« known by (jther menna to be 324 .(«»<» x Kartir* masa, 
therefore the Moon'a * ^Wt I, % 

81‘76 ^ Earth a tnaaa, Agtnn if thf' ratio of t he Kmi and 


Moons maw* is knowm, then hy a ainular mefhml the rale, of 
their distanww can Iw ealenlaUsl. We atnudd ntention here 
that in speaking of » diurnal *' fidea, refenmee is imwle uut 
to solar, but Umar daya, iHHtauae tlie tinw* of high (i*hni 
depends upon the Moon a motiof i relat i ve lot he ineruliati, the 
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sun merely modifying these effects. The lunar day is the 
interval occuring between two upper transits of the Moon 
across the meridian. And since 28| lunar days = 29J moan 

solar days, therefore one lunar day = (1 + 5 ^ 7 ") solar 

29 j 

days = 1/7 mean solar days = 24 hours 50J minutes. Be¬ 
sides irregularities in the tides due to the local configuration 
of the sea, base, and shore, etc., the tides are also affected by 
the state of the atmosphere and the wind. The rise of the 
tide is roughly in inverse proportion to the (height of the 
barometer). Thus a fall of the barometer of |- inch will cor¬ 
respond to a rise of the tide of about | feet = 8 inches. The 
ratio being about one foot for every inch of the mercury. 
Again the wind, if it blows into port, will make the tide rise 
often several feet above the normal. But then the tide will 


be delayed (curious as it may seem), because although the 
depth of the high water at the bar is reached before the proper 
time, yet the greatest depth is not attained till some time 
afterwards. And opposite effects take place in the opposite 
circumstances. If a tide has to run into a narrowing channel/ 
it will attain a height much greater than the normal. If on 
the contrary the tide has to widen out into a large sea through 
a small chaimel (such as through the straits of Gibraltar into 
the Mediterranean), the tides will be almost imperceptible. 
It is very difficult to detect the tides in lakes or land-looked 
seas; Their height ought theoretically to be in the same ratio 
to the height of a mid-ocean-tide, as the length of the particular 
sea is to the length of the Earth’s diameter. But practi¬ 
cally this theoretical valuation is so much masked by the 
effects of wind and barometric pressure (which are far greater 
in their results) that it necessitates a long series of careful 
observations to separate real tides from the effects of these 
other causes. Tides travel up rivers at a rate proportional to 
the depth of the river, the amount of friction encountered by 
the rivers’s bed, and the river’s velocity. It usually ascends 
the river as far as the point where the velocity of the river 
=the velocity of the tide. At this point it will be “slack 
water,” as we before mentioned. It is the point where any¬ 
thing on the river’s surface would cease to float upwards. The 
tidal velocity in rivers is something between 10 and 20 miles an 
hour, and it wiU attain a height far greater than the apex 
of the tide at the river’s mouth. We have hitherto been 


treating chiefly of the great ooean in its statical aspect, i.e., 
as forming the figure of a prolate spheriod around the Earth 
(this prolate spheriod being generated by the revolution of the 
ocean’s ellipse about its major axis), which points in tha 
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direction of the tidal attraction. This no douht would be s 
perfectly accurate description of the form which the ocean 
would assume, if the Earth did not rotate. But when we 
take into account at the same time the Eiirth’s rotation, we 
find that the form oi the ocean’s surface is greatly modified 
thereby, and instead of the major axis of the prolate spheroid 
pointing towards the Moon, we learn on the contrary the 
surprising, fact that it would be low tide in direction of thb 
tide-raising force and high tide at 90° angular distance from 
it. However, whether the Earth rotated or not, the tide- 
raising bodies would always tend to draw the water away 
from the poles towards the equator. Moreover from the 
equilibrium theory of the tides, certain useful deductions can 
•be made. For example, the height of the tide is proportional 
to the ratio of the tide raising force to gravity, and hence 
inversely proportional to the intensity of giwity, which is 
itself proportional to the density of the Earth. Another 
mathematical consequence is, that the height of the tide is 
proportional to the Barth’s radius, because both the inten- 
' sity of gravity and the intensity of the tide-raising forces are 
•themselves proportional to the Earth’s radius. We are thus 
enabled to calculate tidal quantities on different celestial 
bodies. For if M represent the mass of the attracting body 
•and R its distance, and r represent the radius of the body 
•whose tides we are considering and d its density, then we have 
the formula •j^yto denote the height of the tide on that parti¬ 
cular body. But as we have said this statical theory of the 
tides is wholly irffeomplete, because it fails to take into account 
"the fact that the Moon and Sun besides merely raising the 
tides, have to keep up their motion round the Earth, in the 
opposite direction from its rotation {viz :—from East to West). 
'The statioM theory also fails to take into account the fact, 
that a tidal wave has impetus of its own. This impetus varies 
‘according to the depth of the water and the force of gravity, 
ahd the amount oi friction it has to encounter. The dyna- 
'mioal theory then which takes into account all these things 
is a much more comphoated and difficult problem. But what 
has been said above in connection with the statical theory is 
absolutely necessary to be thoroughly comprehended before 
we can understand the true dynamical theory. Now if the 
Earth had no continents, but was entirely covered with 
■^ater, the tidal waves would travel roimd the globe at a 
'constant velocity. And this velocity would be the apparent 
VelCcity of the Moon, the vertex of the tidal wave keeping 
always ufader her, if the depth of the water were as much as 
or more than 14 to 12| miles. If the depth were less than 121 
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udileB, the tidal wave would travel 90° behind the Moon, whilst 
the water near the poles, since it has a far less distance to 
travel in each rotation than the water at the Equator would 
still be able to keep up with the Moon. There would thus be 
neutral latitude of tideless water between these two extremes. 
We must however distinguish between a wave whose motion 
is one of forced ” or on the other hand “ free oscillation.” 
If an earth-quake should suddenly disturb the ocean and then 
the wave generated were to be left to take its own course, this 
would be an instance of “ free oscillation.” In this case it 
can be mathematically proved that its (velocity)® will vary 
in the ratio of the depth of the ocean, and -will be given by the 
formula v® = gh or v = i/ gh, which is the velocity V^hich a 
body would acquire in its fall through the depth of the ocean. 
Thus in a depth of water of say 100 ft. the wave’s velocity 
would be >= 40 miles an hour, and in 10,000 ft. would = 
nearly 400 miles an hour. Mow as the Moon passes daily 
from over the continent of America into the Pacific ocean, 
she generates after the manner of a forced oscillation an initial 
tide in the Pacific. The wave then continues its course much 
after the manner of a free wave, but not quite, since the Moon 
still accelerates it, because she travels slower than does the 
stirface of the Earth at the Equator, and therefore relatively 
Westwards. Another tide wave is generated by her in the 
same place 12 hours later when she is on the meridian below 
the horizon. It also commences as a forced and continues 
merely as a free oscillatory wave. If we enquire more accu¬ 
rately into the manner of the tidal wave’s motion round the 
globe, we notice that in the first and tixird quadrants of the 
Earth’s equatorial circumference, the Moon’s tidal attraction 
will pull the wave in a direction contrary to that of tho Earth’s 
rotation, and in tho 2nd and 4th quadrants tho Moon will 
pull in a similar direction to the Earth’s rotation. Therefore 
aiter the -first and third terrestrial quadrants tho wave will be 
going comparatively slowly (having been retarded by tho 
Moon), but after tho 2nd and 4th quadrants, the wave will 
be going at its fastest, ha-ving been acoelorated by tho Moon. 
Thus at quadratures the wave will be travelling slowly, and 
Sit Syzygies it will be travelling fast. And if the water bo 
travelling fast (say for simplicity’s sake) in a uniform canal 
it must be shallow when it is travelling fast, and deep -when 
it is travelling slowly. But as . we have shown, tho place 
where it is travelling fast is in the direction of the Moon, and 
when it is travelling slowly is at 90° to that direction. There¬ 
fore from tho dynamical theory of the tidal motion, wo arrive 
at a result which is the exact opposite from the result obtained 



2§ - DYISTAMIOAL THEORY OE THE TIDES, &0. [V, 1 & 2. 

on the . statical theory-, viz :—that under the Moon it will be 
low tide, and at 90"^ from the Moon it will be hightide. This 
dynamical theory however, though being nearer the truth 
than the statical theory, does not give a result which is abso¬ 
lutely and mathematically correct in fact, owing to the ex¬ 
tensive complications that arise from the varying depths of 
the ocean, etc., etc. Supposing for simplicity's sake, the tidal 
wave to be running in a canal round the world of constant 
depth and width, let us see the results. You will easily per¬ 
ceive that the deeper the canal, the greater the amount of 
water lifted in any vertical column b^y the Moon, because 
more water is displaced in the case of a deep vertical column 
than a shallow one ; and hence the more it will be elevated 
relatively to the water at its side. Now the only way the 
raised water is able to fall again to the normal level of the 
ocean, is by pushing forward and upward its adjacent column. 
And hence the motion of the tidal wave depends upon the 
ratio of the height of the tidal wave to the normal height 
of the surface of the ocean. And this depends upon the 
depth, as I stated above. To keep up with the Moon the 
tidal wave would have to travel over 1,000 miles an hour, 
which would necessitate a depth of from 12 to 14 miles. 
But the sea is nowhere anything approaching this depth, 
being nowhere probably deeper than 5 miles. And this 
would give a velocity of only 600 miles an hour, oven if it 
were as deep as 5 miles all over. In other words gravity is 
quite unequal to the task of making the tidal-wave keep pace 
with the Moon, except perhaps very near the polos. 

Let us now consider what is the motion of any individual 
particle composing the tidal-wave. When a particle is above 
the mean level of the ocean, it will bo advancing, since the 
wave is produced by the pushing of a whole vertical column of 
particles. But when the particles are below the mean level, 
they are then receding. Hence, an individual particle des¬ 
cribes a long ellipse. If, however, the water has an indepen¬ 
dent current of its own, the ellipse will travfel along in com¬ 
pany with the current either backwards or forwards. The 
velocity of any individual particle can bo mathematically 
calculated. It bears the same ratio to the velocity of the tidal- 
wave, as the wave's height, above the mean level of the ocean 
bears to the whole ocean’s depth. We will now enquire more 
fully into the components of the Moon’s tidal-attraction. At 
the four cardinal points, i.e.,the two points in the Moon's plane 
(or at 0° and 1.80°), and the other two points at 90° and 270°, 
the water is pulled neither East nor West by the Moon's 
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action. But between these points and most of all at the half¬ 
quarters, the force is tangential towards the plane of the 
Moon. Therefore at these half-quarter points, the tidal- 
wave cannot rest in equilibrium, for it is being pulled back¬ 
wards or forwards by the tangential force.’ And this tangen¬ 
tial force is counteracted by no other force, since, gravity is 
indifferent to motion forward or backward along the Earth^s 
circumference. And herein lies the most glaring defects of 
the statical theory when taken alone, in that it absolutely 
neglects this tangential force which is really the most impor¬ 
tant force of them all, because it is quite independent of 
gravity. Thus whilst the tidal wave cannot keep under the 
Moon, it cannot remain (owing to tangential force) at any point 
from there up to 90*^. Hence, not only, as we have said above, 
the true dynamical theory of the tides proves that it is low 
water under the Moon but it proves the still more startling 
fact, that the particles of the water under the Moon are 
flowing backwards, because water below the level of the 
advancing wave flows backwards in an elliptical curve, 
though of course much more slowly than the tidal-wave 
advances. The only matter that remains to be noticed, is 
the effect of friction, which is always acting as a drag 
upon the motions of the water. We have showed above 
that the head of the tidal prolate spheroid cannot remain in a 
line with the Moon, nor owing to tangential force can it lie 
between that point and 90° Eastwards. But even at 90° 
from the plane of the Moon’s direction, the wave cannot 
remain, because being a cardinal point, there is no tangential 
force there and gravity exerts no influence backwards or for¬ 
wards, but the water is advancing with its greatest velocity 
there, and therefore meets with the greatest amount of fric¬ 
tion in opposition. Consequently friction unopposed by any 
other force would carry the major axis of the tidal prolate 
spheroid still further back than 90°. But between 90° and 
U30°, both friction and tangential force would continue to 
urge the wavehead still further backwards, and so it cannot 
stay there. And as we have seen above, it could not stay at 
180°. But it can at last find a resting place, so to speak, 
between 180° and 270°, because at a point intermediate (say 
226°), friction is acting backwards or Eastwards with the 
Earth’s rotation, and the tangential force is acting West¬ 
wards, and so from these two forces in opposition, equilibrium 
is at last attained. Thus according to the true dynamical 
theory, the wave-head of the tidal spheroid has fallen back, 
226° from the Zero point facing the Moon, which was the 
position which according to the statical theory it should have 
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assumed. And this looks for. all practical purposes (because 
for practical purposes, it is of no consequence what particular 
end of the major axis points in either direction) as though the 
wave-head had only fallen back 46° from tho direction of the 
Moon. We will next consider the actual course of a tidal 
wave. It is as follows. It starts on tho West coast of South 
America, and travels West through the deepest water of tho 
Pacific Ocean at a rate of 850 miles an hour, so that the tidal- 
wave reaches New Zealand in about 12 hours from tho start. 
It then passes on by Australia through tho Indian Ocean and 
arrives at the Cape of Good Hope in 29 hours. It Jihen enters 
the Atlantic and verges towards the North at about 700 miles 
an hour. It arrives at Florida in about 40 hours from tho 
start. But in order to get to London it has to go round tho 
North of Scotland and then southwards through the North 
Sea, and arrives there in 68 hours from the start. Hence in 
the great oceans there are four great tides following each other 
at the same time, and nearly in tho same imths. Their paths 
are however modified continually by tho changing declination 
aad, distances of Sun and Moon. In tho middle of the great 
oceans the height of the tidal-vertex is not more than 2 or 3 
feet, but on the continental shores it is a groat deal more 
pronounced. And in. bays which narrow very rapidly (for 
example the Bay oi Fundy) tho tide is nearly 100 ft. At 
Bristol it is 60 ft. The shallower tho bottom, the less will bo 
the velocity and the greater will bo tho height of tho tidal- 
wave. The height of the tidal-wave varies .theoretically 
inversely as the fourth root of the depth. .Brit this tliooro- 
tical calculation is greatly modified in practice, by tides 
mterferii^ with one another. For example, when a tidal 
wave beats up against a coast, specially if tho water be deep 
there, it will be refiected for a very considerable distance back 
again into the ocean, and will moot tho next tide coming in. 
And these so-called “interferences” greatly vary tho height 
of the tides even at places comparatively near to each other. 
Again there are places, where the tide comes in by two different 
routes. For example on the East coast of England tho tide 
not only comes'round by the North of Scotland, but in a minor 
degree also up the English Channel. This has the effect of 
producing tides at some places of twice the normal height, 
and at other places the tide is reduced to almost nil. Wo 
forget to mention a most important scientific fact, 
which is proved by the action of tho tides, namely that the 
Barth s' interior core is exceedingly rigid ; a fact which goes 
clean against the theories of the geologists, who held f,hat the 
interior of the Earth was a viscous molten mass. Tho Earth’s 
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rigidity is proved in this way. If the Earth’s core were 
viscous, it would yield somewhat to the tidal-attracting forces. 
And if it yielded the tides woidd be diminished. But the 
most careful observation shows that the tides are not dimi¬ 
nished by the minutest fraction from what they ought to be if 
the Earth were as rigid as steel. Now we must consider the 
very interesting results which follow from tidal-friction. As 
the Moon revolves 27^ times slower than the Earth from 
West to East, she of course moves relatively to the Earth’s 
rotation in a direction East to West, tending to drag the water 
of the ocean (or rather a portion of it) in a direction contrary 
to that of the Earth’s rotation. Thus friction is set up be¬ 
tween the Earth’s surface and the ocean. Hence whatever 
water stays behind with the Moon must retard the Earth’s 
rotational velocity. This is due to the fact that li<^uids are 
viscous, and resist change of form, and in doing so convert 
part of their kinetic energy into heat. Owing to this friction, 
the Earth’s rotating surface drags the water along with it, 
whilst the Moon drags the water back. Hence a couple is 
formed, which tends to diminish the angular velocity of the 
Earth’s rotation. If the tidal motion consisted merely in the 
small variations of height twice a day in mid-ocean, tidal 
friction would be a quite negligible factor. The case is quite 
different however, when we consider the action of the tides 
against the continents. Here immense waves'of water flow 
with great friotiori against the shores involving a great amount 
of energy which has to be made up for by the expenditure of 
an equal amount of energy from the Earth’s rotating motion. 
This moans a lessening of rotational velocity. As the amount 
however is really comparatively very small, the length of the 
day is affected to only a very smaU extent. The day cannot 
be more than second of time longer than it was a 

hundred years ago. This excessive minuteness of the retard¬ 
ation of the Earth’s angular velocity is no doubt due to the 
fact that there is another cause which acts in an opposite 
direction tending to accelerate the Earth’s velocity. For the 
fact that the Earth is always giving out heat into space, means 
that the Earth is always contracting,-and hence the Earth’s 
radius is diminishing and hence (as far as this cause is concern¬ 
ed) its angular velocity is increasing. However the frictional 
cause on the whole preponderates, resulting as wq have said 
in the Earth’s rotation being diminished by of a second 
in a century. But if the Moon exerts a couple on the Earth, 
it is obvious that the Earth will exert a ooimter couple on the 
Moon. Now the Earth’s rotating surface-tends to carry'the 
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head of the major axis of the tidal spheroid Eastward of the 
Moon, and since the particles there are nearer to the Moon 
than the particles at the other end of the major axis, the tidal 
head tends to pull the Moon forward or Eastward, and hence 
increases her velocity, and her distance (because her areal 
velocity remains the same) and her period. Thus the month 
is lengthened by tidal friction, as well as the day. Now, sine® 
the Moon’s distance from the centre of gravity of Earth and 
Moon is far greater than the distance of the ocean from its 
axis of rotation which passes through the centre of the Earth, 
the effect of tidal friction upon the Earth’s rotation is far 
greater than it is upon the Moon’s orbital motion. Hence the 
final effect of tidal friction is to make the day equal in length 
of time to the month. Hence after many millions of years 
to come, the day and the month wiE be equal, and it can be 
calculated mathematically that they will both be 1,400 hours 
long. The Earth wUl then always present the same hemis¬ 
phere to the Moon, and lunar tides and lunar tidal friction 
will then have ceased. But solar tidal friction will still con¬ 
tinue. And its effect will be to continue to diminis h the 
Earth’s rotatary velocity. And it will have the opposite 
effect upon the Moon’s orbital motion from what the lunar 
tide had, namely to retard instead of accelerate her velocity 
and to diminish instead of increase her distance. The Moon 
wiU thus ultimately rejoin her parent Earth, and owing to the 
immense gravitational pressure which wiU then be set up 
between Earth and Moon, will to a certain extent coalesce with 
the Earth, and the two bodies will together form one some¬ 
what misshapen ellipsoid. The last step will be when the 
ibtaMon of this Earth-Moon body or in other words its day, 
"Will .coincide with its year, and will follow the example of the 
two inner planets Mercury and Venus in turning always the 
same face to the Sun, one hemisphere remaining hx eternal day 
and the other in eternal night. 


Observation of the Transit of Mercury> 
7th November 1914, 

By E. J. Pooook, B.A., B.So., F.R.A.S., 

Diebotoe, Nizamiah Obsbbvatoby, 

Hydbbabad. 

At Hyderabad the first and second contacts alone were 
visible, the third and fourth taking place after sunset. 
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It was intended to make observations of both 1st and 2nd 
oontaot with the finders of both the 16 inch Grubb visual and 
■8 inch Cooke photo-visual telescopes. The first contact, 
however (always a difficult observation), was not observed 
and the 2nd contact was only observed with the finder of the 
6 inch Cooke photo-visual, aperture 2J inches. The observa¬ 
tion was made by Mr. T. P. Bhaskaran Shastri, Assistant, 
with a pocket chronometer belonging to the Director which 
was compared immediately after with the standard (Cooke) 
sidereal clock of the Observatory. 


The observed Indian 

hour. 

minute. 

second. 

Standard time was— 

15 

29 

36-81 

The computed time 

15 

29 

35-'21 

Difference 

«• 

•.. 

1-60 


In computing the time of second contact the geographical 
eo-ords of the Observatory (which have never been accurately 
determined 'and may well be slightly in error) wore taken to 
be Grocentric Latitude+17° 19' 20" 

East longitude 5h. 13m. 37-66s. 

Hyderabad, 20th November, 1914. 


Meitnoranda for Observers. 

for Ihe month of December 2914. 

(Standard Time of India is adopted in these jVlemoranda.) 
Sidereal Time at 8 p.m. 

December 1st ... ••• . 

8th ... 

„ 16th ... • ..; • • . 

,, 22nd... 

■ ,, 29th ... 

Prom this table the constellations visible in India during 
the evenings in December can be ascertained by a reference 
to a star chart, as the above hours of sidereal time rdprosent 
the hours of Right Ascension oh the meridian. 


H. 

M. 

S. 

0 

38 

26 

0 

6 

1 

1 

33 

36 

2 

1 

12 

2 

28 

48 
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The Moon. 

Phases— * 

December 2 at 11-51 p.m. Pull Moon. 

,, 10 5 , 5-2 ,, Last Quarter. 

,, 17 ,, 8-5 A.M. New Moon 

,, 24 „ 1-65 p.M. Pirst Quarter. 

OCOTTLTATIOHS— 

December 9 at 7-22 a.m. Regulus between 20“ N. & 66“S. 


5> 

20 „ 

10-55 „ 

Uranus 

99 

3C“ S. „ 90“S. 

9) 

21 „ 

7-2 „ 

Jupiter 

>9 

49“ N. „ 32“S. 

9> 

31 „ 

5-40 „ 

Nath 

9 9 

2° S. „ 62“S. 

CONJUKOTIONS— 





December 4 at 

4-14 p.M. with Saturn 

(Planet 6“ 29' S.) 

9 i 

15 „ 

3-30 „ 

,, Venus 

{ » 

7-36 N.) 

9 9 

16 „ 

1-62 „ 

„ Mercury ( ,, 

4-66 N.) 

9 i 

17 „ 

11-28 A.M. 

,, Mars 

( „ 

3-47 N.) 

9 9 

21 „ 

7- 3 „ 

,, Jupiter 

( „ 

012 S.) 

99 

31 „ 

6-61 p.M. 

,, Saturn 

( 

6-31 S.) 


The Planets. 

Mercu^ is a morning star, rising in Libra about an hour 
betore the sun at the beginning of the month, but diminish¬ 
ing h^ distanoe as the month advances, as he approaches 
superior conjunction which will occur on the 6th of January. 

Feraiw also is a morning star, rising in Scorpio about half 
an hour before the sun on the 1st, and nearly three hours be¬ 
fore on the 31st having by that time retrograded into Libra. 

«ntil the 24th when he will be in 

aboSSir Oapricomus, setting 

??66“south ■ A- 21-27 Dec. 

thSmon^E.^® in opposition to the sun on the 2l8t, and 
therefore on the meridian at midnight on that date. Position 
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on the 15th, R.A. 6-57 Deo. 22° 17' North, on the line between 
Taurus and Gemini. 

Uranus is in Capricornus. Position on the 15th, R. A. 
20-46 Dec, 18° 36' South. 

Neptune is in Cancer, Position on the 15th, R. A. 8-8. 
Dec, 19° 47' North. 


Memoranda for Observers 


for the month of January 1915. 

Standard Time of India is adopted in these Memoranda. 


Sidereal Time at 8 p.m. 

H. M. S. 


January 1st ... 

„ 8th ... 

„ 16th ... 

t, 22nd ... 

,, 29th ... 


2 40 38 

3 8 14 

3 36 60 

4 3 26 

4 31 2 


From this table the constellations visible in India during 
the evenings in January can be ascertained by a reference to 
a Star chart, as the above hours of sidereal time represent 
the hours of Right Ascension on the meridian. 


Phases— 


The Moon. 


January 1st at 6-10 I'.M. 
„ 9 „ 2-30 A.M. 

„ 16 „ 8-11 F.M, 

[„ 22 „ 11-2 A.M. 

31 „ 10-11 


Full Moon, 
Last Quarter. 
New Moon. 
First Quarter. 
Full Moon. 


OOOTTLTATIOHS— 


Jan. 6th at 12-67 p.m. Regulus 
„ 12th ,, 4-11 P.M. Antares 
„ 27th ,, 1-46 P.M. Nath 


between 8°N, & 78° S' 
„ 4°S. & 79° S. 

„ 6°N. & 68° S. 
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CONJTTNCTIONS 


12 at 

4-61 p.M. 

with 

Venus 

(Planet 9^ 

42' N.) 

16 „ 

9-22 A.M. 

9 } 

Mars 

( 

„ 2 ° 

23' N.) 

16 „ 

8-27 AJU. 

T9 

Mercury 

( 

„ 0 ° 

8' N.> 

18 „ 

4-8- A.M. 

99 

Jupiter 

( 

0° 

99 V 

64' S.) 

27 ,, 

11-29 P.M. 

9 9 

Saturn 

( 

KO 

9 9 ^ 

37' S.). 


There will he no lunar eclipses this year. The Moon will 
enter the Penumbra of the Earth, hut not the Umbra on the 
31st at 10-3h A.M.. 


The Planed. 

Mercury wiU he in superior ccmjunctiou with the sun on 
the 6th and will then become an evening star. He may be 
visible towards the end of the month if the western skies are 
clear; setting about an hour after the sun. He will be in con- 
jHncIjion with Mars at half an hour after midnight on the 1st. 

V&fiua is a morning star rising a little more than three 
hours before the s^ throughout the month. She will be at 
her greatest brilliancy on the '2nd when she will be found in 
the c6nstellation of Uphiuchus; R.A. 17-42 Deo. 19° 36' S. 

Mare also is a morning star and will bo remain through¬ 
out-the year. He will be too near to the sun to be visible 
this month. Position on the 16th, E.A. 19-30th Dec. 23°' 
3' S. in Sagittarius. 

_ Jupiter is an-evening star until the 24th when he will be 
m conjunction with the sun in Caprioomus. Position on the 
16th, R.A. 21-52 Dec. 13° 61' S.. setting about two hours 
after the sim. 

Saturn is an evmmg star, retrograding in Taurus. Posi¬ 
tion on the 16th, ,R.A. 5-46 Dec. 22° 19' N, The rings of this 
planet are now attaining their apparent maximum width. 

Uranm in Caprioomus. Position on the 16th, R.A. 20-53 
Deo. 18° 10' S.' 

^ Cancer. Position on the 16th, R.A. 8-6 Deo. 

The Sun is at perigee on the 2nd at 11-30 p.it. 
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Memoranda for Observers 

for the Month of February 1915, 

Standard Time of India is adopted in these memoranda. 


Sidereal Time at 8 p.m. 

H. M. S. 


February 1st i.. 




8th ... 


J 5 

) J 

) 9 


15th ... 
22nd ... 
28th ... 


4 42 51 

5 10 27 

5 38 3 

6 5 39 

6 29 18 


From this table the constellations visible in India during 
the evenings in February can be ascertained by a Reference 
to a Star chart, as the above hours of sidereal time represent 
the hours of Right Ascension on the rheridian. 


The Moon. 

Phases— 

February 1 at 10-41 a.m. Last Quarter. 

14 ,, 10-1 „ New Moon. 

22 ,, 8-28 ,, First Quarter. 

OoCtrLTATIONS— 

February 1 at 7-44 p.m. Regulus between 4®N. & 78®S. 
8 ,, 10-43 ,, Antares ,, 9°S. 90“ S. 

23 10-24 „ Nath ,, 7“N. & 66“S. 


if 
9 > 


9f 

if 


CoNJUNOTIOHS-t- 

JFebruary 10 at 6-18 p.m. with Venus, (Planet 7“30'N.): 


if 

13 ,, 9-36 A.M* ,, 

Mars ( ,, 

0“24'N.) 

if 

16 „ 1-67 „ „ 

Jupiter ( ,, 

1“87'S.) 

if 

i6 „ 8-43 „ 

Mercury ( ,, 

2“6'N.) 

91 

. 24 „ 6-44 „ 

Saturn ( ,, 

6“35'§.) 


The Planets. 

Mercury is an evening star until the 21st when he will be 
in inferior conjunction with tlie sun. Re will be at greatest 
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elongation East on the 6th at 12-30 p.m., and may be visible 
during the first week of the month, setting in Aquarius about 
an hour later than the sun. He will be in conjunction with 
Jupiter at 12-18-p.m. on the 2nd. 

V&nu8 is a morning star, rising about three hours before 
the sun throughout the month, and moving from Ophiuchus 
to Sagittarius during the first week. She will be at greatest 
elongation west on the 6th at 10-30 p.m. 

Mars also a morning star, rises less than an hour before 
the sun throughout the month. Position on the 16th, R.A. 
21, 1 Dec. 18* I'S. 

Jupiter is an evening star until the 24th when he will be 
in conjunction with the sun. During the first week of the 
month he will set about an hour later than the sun. Position 
on the 16th, R.A. 22® 20 Dec. 11® 20'S. in Aquarius. 

Saturn an evening star is retrograding in Taurus. Posi" 
tion on the 16th, R.A. 6-41 Dec. 22® 21' N. 

Uranus in Capricomus. Position on the 16th, R. A. 21-0 
Dec. 17® 40' S. 

Neptune in Cancer. Position on the 16th, R. A. 8-1 Deo. 
20® 8' N. 

The Sun. 

There will be an annular eclipse of the Sun on the morning 
of the 14th, but it will not be visible in India. It will begin 
on the earth generally at 7-11 a.m. in Longitude 69® 42' East 
and Latitude 31° 36' South, and will end at 12-64 p.m., in 
Longitude 169° 12' East and Latitude 17° 12' North. 


Memoranda for Observers 

for the month of March 19IS. 

Standard Time of India is adopted in these memoranda. 


Sidereal Time at 8 p.m. 



' 


H. 

M. 

s. 

March 

1st 

... 

6 

33 

16 

>> 

8th ... 

... 

... 7 

0 

51 


15th ... 

, ’ • • • 

... 7 

28 

27 

99 . 

22Ed ... 

... 

... 7 

66 

2 

99 

29th ... 

*■» 

... 8 

23 

38 
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From this table the constellations visible in India during 
the evenings in March can be ascertained, by a reference to a 
Star chart, as the above hours of sidereal time represent the 
hours of Right Ascension on the meridian. 


The Moon. 


Phases— 

March 2 at 12-2 a.m. Full Moon. 

,, 8 ,, 5-57 p.M. Last Quarter. 

,, 16 ,, 1-12 A.M. New Moon. 

,, 24 ,, 4-18 ,, First Quarter. 

„ 31 ,, 11-7 ,, Full Moon. 


OCOTJLTATIONS— 

March 1 at 4-39 a.m. Regulus between 6® N. & 78° S. 


1 9 

8 „ 

4-4 „ 

Antares ,, 


8° S. & 86 ° S. 

7 7 

21 » 

9-36 ,, 

The Pleiades ,, 


71° N. & 68 ° N. 

79 

00 

3-20 p.M. 

Regulus 


1° N. & 78° S. 

CONJTJNOTIONS- 

— 




March 12 ,, 

7-2 A.M. 

with Venus 

(Planet 3°0' N.) 


13 „ 

6-69 P.M. 

,, Mercury 

( 

„ 0 °20' „) 

9 7 

14 „ 

12-2 „ 

,, Mars 

{ 

,, 1°69'S.) 

9 9 

14 „ 

10-43 „ 

,, Jupiter 

( 

„ 2 °20' S.) 

9 9 

23 „ 

4-8 „ 

,, Saiurn 

( 

„ 6 °22' S.) 

The 

moon will enter the Ponnmbra of the Earth, but no 


the Umbra, at 12-30 a.m. on the 2nd . 


The Planets. 

Mercury is a morning star, rising in Oapricomus about 
an hour before the sun on the 1st and attaining greatest 
elongation west 27° 43' on the 20th. He will be visible in 
clear skies throughout the month. He will be in conjunction, 
1° 18', to the south of Jupiter on the morning of the 30th. 

Venus a morning star, rises in Sagittarius about three 
hours before the sun on the 1st. She moves through Capri- 
comus and into Aquarius before the end of the month, when 
she will rise about two hours before the Sun. 
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Mar$ also a morning star, rises about an hour before the 
sun throughout the month. Position on the 16th, R. A. 22-27 
Rec. 10° 50' South. He will be in conjunction with Jupiter 
on the morning of the 24th, only one-fifth of a degree separat¬ 
ing the two planets. 

Jupiter now a morning star, having been so lately in 
conjunction with the sun, will only be visible by about the 
middle of the month. Position on the 16th, R. A. 22-46 
Deo. 8° 62' South in Aquarius. 

Saturn an evening star in quadrature with the sun on 
the 17th. Position on the 16th, R. A. 5-41 Dec. 22° 18' North 
now travelling eastwards again in Taurus. 

Uranus in Capricomus. Position on the 16th, R. A. 
21-6 Dec. 17°J6' South. 


. The Sun. 

The Sun will enter the sign of Aries at 10-21 p.m., on the 
21st being the vernal equinox. 



C|e fouvnal flf t|;c 
^towntical Sflcielg of |ftSjra. 


VoL, V.] SHsSlON 1918-1918. [N6S. 4, 6 & 6. 


Report of the Meetings of the Society 
held on Tuesday, 26th January 1915, 
Tuesday, 23rd February 1915, and 
Tuesday, 30th March 1915. 

Thb minutes of ptooeedings of the ffleetiiigs Weffe read 
and eonfirmed, and the publicatlon§ teCeivfed ffolh 6ther 
Sedetiee n^ere annodnoed and votes of thanks aooofded to the 
donom. 

The papers read at these meetings afO ptihKshSd in this 
issue. 

In the issue of the last nnniher of the JOhtnal fOf SrOvetohet 
and HeOemher 1914 the name of the Author of the paper on 
‘!'t>jna]xiioal Theory of Tides ahd Tidal Friction ” was 
omitted in error. ApofogieS are nottr ejtpifessed to the Author 
the Revd. A. 0. Ridsdale, M.A., F.tl.A.S., F.R. Met. Soc., 
M. Lond. Math. S., P.Ph.S., A.L.C.M., Foreign Member of 
Societie Astronomique de JVance. 
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A Short Paper on Cppiet 1913 
F (Delavan) 

By R 0. Bose, Esq. 

Some months ago public interest was roused by the appear¬ 
ance of a comet in the region of the constellation Ursa Major 
during the early hours of the morning. The comet was 
considered ominous because it happened to appear just at 
a moment when our little planet was being convulsed with 
cBue of the biggest wars that it has ever been its misfortune 
to experience. I do not know why, but it seems that from 
the earliest dawn of time, the comets have been looked upon 
with unfavorable eye. At the last appearance of Halley's 
comet, a long list of calamities that have occurred at each of 
its appearances was published. But calamities have occurred 
without the presence of a comet, and peace and prosperity 
liuve reigned supreme in spite of the presence of a comet. 


, Be it as it may the comet in question otherwise unim¬ 
portant, gained notoriety owing to the present war. It was 
discovered by M. Delavan at La Plata on the 17th of 
December 1913, and since then it has been continuously 
visible at one portion of the globe or other up to the month 
of October. Although very faint at first it began to increase 
in brillia,noy as it approached perihelion point. The comet 
was moving very slowly, about 12 or 13 iniles per sec., which 
gradually increasing became about 26 miles per sec.* at 
perihelion. M the comet was moving so slowly it was ex¬ 
pected that it would afford ample opportunity for its orbit 
io be determined accurately. But curidusly enough the 
Job was not so easy as it was thought at first. The first to 
venture to predict its orbit yras Prof. Kobald of Germany. 
From., the. elements he could gather from observations of 
tW consecutive nights, but when it was so slow as to render 
calculations almost uncertam he gave out the orbit to be a 
parabola with the perihelion to occur about the 2nd March 
161^ A few days’ observation convinced him that the 


The speed of the Sarth is 18*48 miles per sec The Incr nf fhia 

r ““^®® P®' distance 1 from the Sun. The 

V obtained by subtraotiM 

r 1*4173—Log r for October 26 is given to be eaual to 6 - 04 ^' 

Subtracting J of *0436 from 1*4173 we get 1*3964. ^ ^ ^ 9 0438. 

Now the log of 1*4173=26*14 ' 

and the log of 1*3954=24*86 


1 « ftdditig weget50*99or8ay 61 

* of 61, 26*5 or about 26 miles pprseo. is the meai\ speed. 
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calculation was greatly in error. He then gave out a second 
calculation that made the perihehon occm about the 14th 
October 1914. Another Astronomer Mr. Goudy calculated 
the orbit to be elliptical with a period of about 5,932 years. 
Then Dr. Crommelin took upon himself the task of calculat¬ 
ing the orbit. Owung to the hazy condition of the atmos¬ 
phere he could not make the necessary observations himself, 
but at his request Revd. T. E. R. Phillips was successful in 
obtaining an observation on January 22nd. With this and 
two other observations, one made on December 18th and the 
other on December 29th, he calculated the path to be a para¬ 
bola with the perihelion about the 26th October. This calcula¬ 
tion was in agreement with those by Messrs. Einarsson and 
Kicholson of the Lick Observatory and Dr. Biesbrock. I 
mention all these here to show how difficult it is to calculate 
the orbit of a comet. The slide (No. 1) here will show you 
the positions of the Earth and the comet in their respective 
orbits. 

I first saw the comet on the morning of the 30th September 
at a place just a little to the east of 65 Ursa Major. It 
appears to be a very small object not as bright as could be 
expected from a comet so near the perihelion. Dr. Crom- 
melin in a paper communicated to the British Astronomical 
Association predicted that this comet which at discovery 
was only of about 10J mag. would increase to about 
a thousand mag. (or a hundred times brighter than a star 
of 1st mag.), when near the perihelion and expressed his 
confidence that it would be readily visible to the naked eye 
and might really prove a grand object. As I found it, 
it was a very poor naked eye object, faint, hazy and 
streaky, and had I not known that there was a comet there 
I am sure I could not have found it out. But this may have 
been due to the haziness of the atmosphere.* The tail, as 
far as I could judge, was about 2® in length. But the posi¬ 
tion I found it in agreed will with the position assigned to 
it for that date by Dr, Crommelin (Slide No. 2). The 
comet was then moving towards a Canes Venatici. I saw 
it again on the 4th of October, but owing to the clouds could 
not determine its position. Slide No. 3 is the photograph 
of the comet taken by Dr. Bohlin of the Stockholm Obser- 


♦In the Comptes Rendus for 28 th September M. Puiseux of the Paris 
Observatory oommunioates that on September 5th and 6lh the comet v^as a 
little fainter than a 3'3 mag. star. In the same nbmber of Comptes Bendns 
M. Coggia gives five observations of positions of this cemet made between 
September 14th and 18th. On thase dates the oc met presented a nucleus of 
about mag. 5 with a tail of about 1® in length. So it will be readily seen that 
the comet was actually diminishing in biill.aj.oy as it was appicaching 
perihelion. 
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YatoBy. It shows two distinct tails ; the one which is thrown 
wie tQ the haofe is most prohahly composed of gaseous 
mattery, an^ the. other <4 metallic Yapour. I have not got 
the rearilt the ^pectceseopie woaiyaes of the comet at hand 
OT I oa\il^ hft've @Yen yow the names of the elements that 
wete |o\m4 ift the eempoaiticai ol the comet. The one thing 
peoulia.r ahftttt this comet and which was never known to 
oconr in, any ethe? comet, was that it was seen 10 months 
before perihelion, l^esn Halley’s comet was photographed 
only 8( months hei^ perihelion. Slide No. 4 shows the 
comet as, I 9aw it ^ongh a ^4* refracting telescope with a 
power o;f ahont 5Q». 
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Note on the Total EcHpse of the Sun 
of August 1914, 

Note by R. C. Slater^ Esq., E.R.A,S. 

I AM eBclosing two lantern slides of the Corona. I took 
the photographs at Stromaund, Sweden, No. 5 with an 
exposure of i sec. and No. 7 with 2| sec. on Isolar plates. 
These are slow pilatea, hut they show a fair amount of Corona. 
On No. 7 you can: pick out Reguhis with a magnifying glass 
E. of the Sun. I unfortunately sent my instruments to Riga, 
hut the Quthreak of the war prevented my getting there, and 
as I only had the lena with me the rest of the apparatus I had 
to make after arriving at Stromsund with a mitiimnm of too^ 
and from very soft green wood-. I had to focus 2^ ©i 3 days 
before the edipse., and the wood warped so that the foeus 
is not good.. The lens was 4" in diameter, hot of poor quashty, 
and as 1 had no means of foillawing the Sun, and no slow 
motions, I am surprised that, the deB^tion is as good as it is. 
](took altogether 4 phot«^raphs with this lens, and 4 with an 
ordinaOEy camera I bad with me. The. latter are on a very 
smal scale, hut show some details, andi would have been 
sufhoimit to demcHiiSitrate the type of the Corona if no others 
had, been availahlo.. 

The weather cmaditioHS on the day were excellent, but on 
ev»y other day that we were thm» the sky was overcast at 
eclipse time. 

If you think these would! be of any interest to the Astrono¬ 
mical Society of India I shall be very pleased if you will ma]^ 
use of them. 


Note by H. G. Tomeinb, Esq., C.I.E., E.R.A.S. 

1 HAVE been s© Ibrtunate: as tO' obtain for the Astronomical 
Society of India two views of this eclipse taken by Mr. R. C. 
Slater, P.R.A.S., wd^o wa® oo» of the few fortunate observers 
to see the eclipse. Mr, Slater has most kindly sent me two 
slides for the- Moiety in India as' w^ as a very mtmrestHig 
letter showing when and how they were- taken. 

The eclipse was total for about 2 minutes more or less 
sccordiug: tOr the- pluee. o4 ©feservatioja. The hne of totaUty 
ran through Nojrway aud Sweden.,, across the Balibkii 
Russia to. the Black Sea, and thence; across Em^ia to the coaat 
upon the Indian Ocean to a pdnt Just west, of Gawarat 
(lodia). India, therefore, just missed being on the liner of 
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totality. Elaborate preparations were made by scientists 
all over the world to view the eclipse and points 6n the line 
of totality were selected all along the line from Norway to the 
Black Sea. Most of the parties had started on their journeys 
to these stations, and their instruments were on the way when 
a difficulty, which they certainly had not calculated on, 
occurred. War broke out on the 4th August 1914 just 17 
days before the eclipse. The risk of bad weather had been 
carefully examined and allowed for by choosing the best 
places available. The unexpected happened, and just as 
every one was on the move to their stations for observation, 
the mobilization began and caught the scientists in its meshes* 
Several of the English Astronomers, who were soldiers, had 
their thoughts transferred by telegram from science to war, 
and went Home again to duty by the shortest routes. Others 
whose presence was not so necessary in England or their own 
.countries, stayed on. The German party, if report says true, 
were taken prisoners by the Russians and their instruments 
confiscated ! War put an almost complete stop to many 
of the observations. We are therefore extremely fortunate in 
having obtained the slides, so kindly given us by Mr. Slater 
as well as his letter. Although he did not get his instruments 
for use at the eclipse, he was not altogether denied the object 
of his visit to Sweden, and he was probably rather glad he 
had selected that country to go to for the purpose. Some 
oft he parties in Russia were successful and an interesting 
account of the one at Minsk will be found in the Ohaer-. 
vatory for October 1914. 

The Corona was of the intermediate type—that is to say 
there were no long streamers. The Corona was very bright. 
No shadow bands appear to have been seen. 

I attach Mr. Slater’s letter which give interesting details 
of his observations. 

— — ■ ■' — 

The Nebulas and their Relation to 
Cosmic Evolution. 

By the Revo. A. C. Ridsdale, M.A., F.R.A.S., E.R. Met. 
Soo., M. Lond. Math, S., F.Ph.S., A.L.O.M., Foebign 
Membeb ob Sooiete Asteonomiqxjb db Fbanoe. 

The Nebulas are masses of shining diffused matter, shreds 
and balls of cloudy stuff distributed here and there through¬ 
out the immensities of space. The most notable of the As¬ 
tronomers who have given special attention to the discovery 
and study of these celestial objects are Messier, the two 
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Herschels, Lord Rosse, the Bonds and the brothers Struve. 
Under insufficient telescopic power it is impossible to dis¬ 
tinguish between a nebula and a star cluster, because the 
individual stars of a star cluster cannot then be separated. 
The Cluster Prsesaepe to the naked eye looks exactly as if 
it were a nebula, although a very small telescopic power 
will reveal individual separate stars. Herschel showed with 
his large telescopes that many objects which had hitherto 
been taken for nebulse were really clusters of stars. It was 
erroneously thought that all nebulse could probably be re¬ 
solved into star clusters if the telescopic power were suffi¬ 
ciently great, and that there was no real difference between 
the two. It was even reported that Lord Rosse’s telescope 
had resolved the Orion nebula. This was not true, for we 
now know that the Orion nebula is wholly gaseous. Speak¬ 
ing of nebulse Lardner, writing in 1863, says : “ There are star 
clusters, of which the component stars are indistinguishable 
only by reason of their remoteness.” But the spectroscope 
has shown us that there are multitudes of nebulse that are 
not star clusters at all, but immense masses of glowing gas. 
This important discovery was made by W. Huggins in 1864. 
It is not unlikely, however, that nebulse and star clusters- 
shade into each other as it were by insensible gradations. 
The first historical record we possess of the discovery and 
recognition of such a thing is in Huygens’ “ Systema Satur- 
nium.” Writing in 1669 he says : “ There is one phenomenon 
among the fixed stars worthy of mention, which, as I believe, 
hath hitherto been noticed by no man, and indeed cannot 
well be observed but with large telescopes. In the sword 
of Orion seven stars shone through a nebula, or small bright 
cloud, such that the space around them seemed far brighter 
than the rest of the heavens ; so that it appeared as an open¬ 
ing in the sky, through which could be glimpsed the glory 
of the empyrean.” A great advance in our knowledge’ 
the nebulse-has been achieved.by the invention of the photo¬ 
graphic dry plate. The first photograph of a nebula was 
produced by Dr. Draper in 1880. Eye observations and 
drawings cannot at aU compete with the photograph. The 
photograph has revealed important and essential features 
of nebulse never recognized before by the largest telescopes, 
as for example the concentric rings of the Andromeda nebula, 
which so greatly resemble the rings of Saturn. With the- 
visual telescope very little of the nebula can be seen at the 
same time, since the field of an eyepiece is very small. Thus 
iii the case of Andromeda visible even to the naked eye, 
drawings left us in ignorance of this very essential feature, 
namely that the dark rifts are curved and not straight, a fact 
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Tfrhioh makes all tha difference in estimating their mestning. 
Photography moreover captures objects whioh are far too 
faint to be seen by the eye, and the sensitive plate never 
tires like the eye, but mil receive more and more impres¬ 
sions the longer the exposure. A very faint, dim light with 
long exposure wiU give as clear an impression as a brighter 
light with shorter exposure. The photograph however does 
not give the relative brightnesses accurately, sinoo the 
exposure necessary to bring out faint details is far too great 
for the brighter parts. However this defect can be mostly 
remedied by taking several negatives of different length of 
exposures. There are about 10,000 uebulm already catalo¬ 
gued. Hersohel was the first to go systematically into the 
question of the nature and pumi^r of the hebulse. Since 
his time Huggins has been the greatest discoverer by means 
of the spectroscope. He proved thereby that the light of 
true • nebulae proceeds from luminous gas. They give a 
spectrum of six or seven bright lines* namely P Hydrogen, HJ 
Hydrogen, H Hydrogen, D2 Helium and another Helium and 
two other unknown and unidentified lines, called provision- 
aJfiy “ Nehulium.” Lockyer thought it indicated the presence 
of magnesium, hut this was an errqr. All gaseOUs nebulae give 
thus same spectrum, except that if too faint, only the brighter 
lines appear. Photography of late has proved very useful 
in the study of nebular spectra. By its means we now have 
a list of as many as 70 hues photographed in the spectra of 
gaseous nebula. 66 lines have been detected in the Orion 
nebula alone. The nebula do not all give a gaseous spec¬ 
trum. Those that do so are all of the same greenish tint. 
The wMte nebula, such as Andromeda, give a perfectly 
continuous rainbow spectrum with no lines. This means 
that the white nebula are either composed of gases under 
high pressure, or of solids or liquids heated to ineandesoenoe. 
They Me {wobahly composed of partially cooled matter, 
like the gtepn nebula however they withstand all attempt at 
xesdution into star clusters. Photography with an ordinary 
portrait lens at the focus of the telescope has revealecj 
fact that va^ regions of the are veiled in faint,, diffnaftd 
nebulous matter. These deUcat© veils are invisible to 
^ eye even through the best telescopes. It has beeli oon- 
^sStored that possibly with long enough exposure, the whole 
8% prove to be veiled over with nebulosity. The 

distribatiisn of the nebula is not unifoim over the sky. They 
aaee Wholly aba^t from some regions, and crowded in greet 
profu^on in ^ess. Thus there .is a cluster of in 

OoBsa Betelliois, and mors than a hundred nebida are oram- 
mai here into a space less than th^ occupi^ by the Full 
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Moon, or 31 minutes diameter. They seem to avoid the 
Galaxy and have a preference for the galactic poles. Their 
tendency is to avoid the regions where stars abound. There 
seems to be some ‘‘ relation of contrariety ” between the 
nebulas and the stars. Perhaps the stars devour them, 
appropriating the surrounding nebulosity, W. Herschel 
made an extensive survey of the northern hemisphere, and 
his son, J. Herschel, at the Cape Observatory of the southern, 
and between them catalogued 4,000 nebulae. J. Herschel 
says nearly a third of all the nebulae are congregated in an 
irregular patch which stretches from Ursa Major to Virgo. 
Since then Dreyer has catalogued 10,000, and Keeler esti¬ 
mates there are 120,000 nebulae within reach of the Crossley 
reflector. Cleveland Abbe has shown that in a belt of 30 
degrees wide including the milky way, which means three 
quarters of the celestial globe, only one-tenth of the number 
of the nebulae are found within this belt. Up to the present 
time no parallax haia yet been discovered for any of the nebulae, 
nor is it likely that their distances will ever be found by 
this method. Being, indeed, of so indefinite and hazy an out¬ 
line it would be very diflflcult to measure any parallactic 
displacement with the micrometer. And yet they are so 
associated with stars that it is impossible to doubt that they 
are at the same order of distance. For example in the 
Pleiades, star is connected with star by wisps of nebulo¬ 
sity, The longer the exposure, the more nebulosity is re¬ 
vealed amongst the stars of the Pleiades, each star having 
its own nebulous veil more brilliant than the region between 
the stars, whilst the entire group is bound together in a vast 
net of nebulosity, extending far out on all sides into space. 
When our Sun is eclipsed, we then see his nebulous envelope 
which we call his Corona. The stars of the Pleiades also 
have their Coronse only on a vastly larger scale than the 
Sun’s Corona. Again in the Orion nebula, four groups of 
lines in the spectrum of the nebula coincide with correspond¬ 
ing lines in the spectrum of the neighbouring stars, which 
makes it probable that the stars are of the same composi¬ 
tion as th nebula and lie within it. And again the dark 
space, in which the stars of the Trapezium lie, points to 
the fact that the nebulous matter in their proximity had 
been used up as it were in forming them. If it is true that 
any nebula and its adjacent stars are at the same distance, 
then it would be possible to find the distance of the nebula 
BO long as a parallax for the star could be found. As yet 
no parallax for any nebulous star has been found. The spec¬ 
troscope has shown that the radial motions of nebuUe are 
of the same order as those of the stars. In 1890 Kceliw 
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carefully observed many of the nebulae in order to .discover 
radial motion with a spectroscope of high dispersive power. 
He found that, like star motion, their motions away and 
towards us ranged from zero up to 40 miles per second. No 
motion in rotation has yet been visually observed, although 
it is certain that nebulae must possess suoh a motion. The 
velocity of rotation of any system varies inversely as the 
square root of its moment of inertia, and therefore also of 
its density. Hence a very light and large mass would have 
a very slow rotation. And, further, according to the laws 
of dynamics, the inner particles in order to preserve thoir 
equilibrium will have to rotate more rapidly than the outer . 
Henee the tBstinct spiral or whirling appearance of most 
of the nebulse. Again, the gravitation towards the axis 
of rotation varies as the distance. And centrifugal force 
also varies as the distance, whatever the velocity, Hence 
a whole sphere may rotate in accordance with these laws, 
so that no change in the relative distances of the particles 
will disturb the equilibrium. Again, the expansiveness of 
gases varies inversely as the space in which they are confined^ 
This would account for the particles not falling into the 
^uatorial plane. A’gam., the expansiveness of gases varies 
inversely as their volume. Thus as the radius increases, 
the expansiveness would diminish inversely as the cube of 
the radius, whereas the attraction would only diminish as 
its square. Hence there is a definite bounding-surface to 
a nebula. Nebulse are of very varied character and forms. 
There are Annular, Ring, Planetary and Spiral, and Irregular 
nebuhe. Most nebidse, however, have a more or less marked 
condensation at the centre thinning off towai'ds the extre*' 
mities. The largest neh\d» are the irregular ones, such as 
Onon, which is now known from photographs of long expo^ 
sure to include nearly the whole area occupied by the constd" 
lation. It seems probable that certain changes in the form 
of some of the nebulae have been detected from the com¬ 
parison of drawings made at different dates. Especially 
is this the case with Eta Argus, and the **trifid'' nebula 
in ^gittariua, and the Omega nebula., The nebula in 
Sagittarius has near its centre a curious dark rift,* In the 
middle of this rift, Herschel says the triple star was plAoed, 
which k now placed not in the middle but at the oonfinea 
ol the nebula. The star has not moved relatively to the 
nei^ilsouring stars, and therefore it is concluded that the 
must have changed its form and position, Agaixvt 
in the case of the Qm^ga nebula, it certainly does not any 
longr retain any resemblance to that letter^ Profeasoir 
Holden thinks that although the shapes of nehuto suffer 
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little or no change, the relatiTe brightnesses of their parts 
are continually, though gradally changing. Too great reliance 
however must not be placed upon the evidence we have 
in favour of change in the nebulee. The evidence rests chiefly 
upon mere eye drawings of the nebulse, and it is notorious 
how very differently two men will delineate the same nebula 
at the same time. They are exceedingly hazy and in¬ 
definite objects to make eye drawings of, and the question 
of change cannot be settled until not drawings but photo¬ 
graphs shall have been composed and discussed for a period 
of many years to come. It is certain, however, that some 
nebulas vary in brightness. Epsilon Tauri is a good example 
of a variable nebula. It can sometimes be seen with quite 
a small telescope, and at others not with the^ largest. The 
change seems to have no regular periodicitjr. The larger 
and brighter and more irregular of the nebulae generally 
stretch out streamers on all sides, and contain dark rifts or 
“lanes,” such as the “fish-mouth” of Orion, and the cir¬ 
cular rifts of Andromeda. The enormous, size some of 
the nebulee may be roughly estimated from comparisons of 
their angular measurements with the apparent distance of 
Neptune from the Sun as seen from Alpha Oentauri, the- 
nearest star. The diameter of Nepitune’s orbit would appear 
to be only one minute of arc as seen from Alpha Oentauri. 
The B/ttg iilar diameter of the Orion nebula as seen from the 
earth is several degrees. And it is certain the nebula is vastly 
further away from us than is Alpha Oentauri. Therefore 
the central portion alone of the Orion nebula must occupy 
a space at least many thousands of times greater than the 
orbit of Neptune, whose radius is thirty times greater than 
the 93,000,000 miles radius of the Earth’s orbit. If our 
Sun were enveloped in such a neb\ila, its tentacles would 
reach out to Polaris which is forty-four light years’ distant. 
It is'probable that the thickness or depth of the Orion nebula 
is not BO great ae its breadth or visible extension. The next 
largest nebula is in Andromeda. It is often mistaken for a 
comet by the uninitiated. It is a very long oval 2^ degrees 
of arc in length, and over a degree in breadth. It ww 
over with multitudes of stirs, 200 of which are found within 
20 minutes of diameter. It is one of the regular or spiral 
nebuke. It appears to be an enormously magnified edition 
of the Saturnian system, except that the nucleus is not glo¬ 
bular, but merges into the rings. Its thickness or depth, 
must be hundreds of millions of miles, and yet we can see* 
through it. The smaller nebula are more regular and general¬ 
ly elliptical and almost circular in shape. The most regular 
in shape ate called “planetary” nebula from their close 
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resemblance to planetary disks ; most of them are in the 
southern hemisphere. In some cases the disk shows a uni¬ 
form surface, in others what Herschel calls a “ mottled ’' or 
“ curdled ” appearance. These planetary nebulae are of 
various colours or tints, of great beauty. Others are very 
elongated ellipses with every variety of eccentricity, others 
hardly more than slender wisps or streaks of hght, pro¬ 
bably denoting that they are seen edgewise. They 
generally are condensed towards the centre and often have a 
star at the centre of the condensation. The true forms of 
these nebulae are probably grobular. There are thousands 
of '‘nebulous stars,” or stars surrounded by an envelope 
of nebulous mist. There are a comparatively few nebulae 
which, are not condensed in the centre, but on the contrary 
are dark or nearly dark in the centre and brighter at the 
circumference. Only a few dozen have so far been discovered. 
These are the Annular or Ring nebulae, such as the famous 
nebula between Beta and Gamma Lyrae. Such nebulae 
are probably of a flat disk shape. There are also double 
nebulae, suggesting the idea of double stars in the making. 
It is almost certain that such clusters of nebulae must be 
physically connected, and it is very probable that they move 
round each other or rather round their common centre of 
gravity like binary stars. Their apparent motion owing 
to their immense distance and comparatively low density 
is so slow that it could not be visually detected probably 
for thousands of years. But the most universal and charac¬ 
teristic form of nebula is the Spiral nebula. These were 
first discovered by Lord Rosse. They have the form of a 
mop when it is being wrung out, with curved arms issuing 
from a central condensed nucleus, presenting the appearance 
of rapid rotation about the nucleus as centre. The Spiral 
nebula is hence often called the whirlpool form of nebula. 
The forms of nebulae appear to vary greatly with different 
telescopic powers, just as small objects change in appear^ 
ance when seen under a microscope, from what they appeared 
as seen by the naked eye. Thus what used to be considered 
a double nebula and was called the Dumb-bell nebula has 
now been by larger telescopic power shown to be of the spiral 
form. The apparent form, it must be remembered, of any 
object in the heavens is that of a cross section of the real 
form, made by a plane at right angles to the line of vision* 
If the mass had a rotational motion such as the planets 
have, their exact form could then be mathematically 
deduced. But the nebulse present no such rotational motion, 
and therefore their true shape can only be guessed from 
their structural appeaT'anoe., The intrinsic light o£,nebul» 
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must be vastly less than that of the Sun. For if the Sun 
subtended an arc in diameter of only 1 minute, its light 
would at that distance yet exceed that of 760 Full Moons, 
whereas the nebulae which in many cases have an arc of dia¬ 
meter much greater than 1 minute cannot even be seen at 
all with the naked eye. Arago propounded the view that 
nebulae shone with reflected light from stars hidden away 
in their centres, but this somewhat fantastic view is now 
quite discredited. It is certain they shine by their own 
intrinsic brightness, they are luminous gases of the most 
elemental type, less dense than any vacuum that could be 
produced on Earth. It is, indeed, a mystery how such tenu¬ 
ous objects can assume and retain such clear and sharp out¬ 
lines as they exhibit in their photographs. In most oases 
it looks as though the gas were in violent rotational motion, 
but how and when the force is impressed to produce such 
motion is an unsolved mystery. Much information regarding 
the connection of stars and nebulae was afforded by the 
“ new star ” of 1901 in Perseus. In February there seemed 
to be no nebulosity in connection with the star, but in 
September a photograph revealed two wisps of nebulosity 
extending from the star. In November the Spiral nebula 
around the star seemed to have extended outwards, at a rate 
of 11 minutes of arc in a year. Now the question is, did the 
nebulous matter really travel out from the star at that rate, 
or was the phenpmenon not rather due to the light from 
the outbursting central star travelling towards the edges 
of the nebula that was already there ? The latter seems 
to be far the more probable hypothesis of the two. If so, it 
means that light took one year to travel over the eleven 
minutes of arc as seen from our distance, and consequently 
judging from the velocity of light, the new star and nebula 
in Perseus would be distant from us three hundred light years. 
The outburst must then have actually occurred just when 
Galileo first directed his ** optic tube'*' towards the heavens, 
the news of which has only reached us in 1901. The in¬ 
ference can also be drawn that the nebula that was thus 
gradually hghted up must be 26 millions of millions of miles 
in circumference, or over eight millions of millions of miles 
in diameter. 

A treatise on nebulae would be incomplete if no mention 
were made of the connection between nebulae and the import¬ 
ant theory of the origin and evolution of the Universe known 
as the Nebular hypothesis.” The study of such a nebula 
as that of Andromeda and the knowledge lately gained re¬ 
garding its formation seems to strongly corroborate and 
confirm the truth of the nebular hypothesis. Here we have 
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a central nebula, which seems to have thrown off rings in 
rotation, some of the substance of which seems to have 
already conglomerated into rudimentary satellites. These 
are two distinctly formed and others seem to be in course 
of formation. Such a general evolution not only for the 
solar system but for the whole Universe was already thought 
out by Laplace, over a century before the true formation of 
the Andromeda and other Spiral nebulae were even guessed at. 
The evidence of the modem photograph has illustrated 
Laplace’s theories as facts, much in tl^ same way as the 
theories of Copernicus regarding planets and satellites were 
confirmed when Galileo invented his optic tube and actually 
saw real satellites circulating around Jupiter. Thus the new 
knowledge we have gained of the nature of the nebulse, 
throws a flood of new light on the historical development 
or evolution of the Universe. The “Nebular hypothesis” 
was first suggested by the philosopher Kant, but developed 
and treated in a more vigorously mathematical and scienti¬ 
fic manner, as we have said, by the great mathematician 
Laplace. The theory in spite of modification in detail 
is still held in the main just as Laplace propounded it. Lap¬ 
lace confined his enquiries chiefly to the origin of the solar 
system, but the same theory may be extended on a magni¬ 
fied scale to the stellar Universe. According to his theory, 
the Solar nebula was originally a mass of heated gas. We now 
believe it was a cloud of cold dust. It can be mathematically 
shown that the mutual attractions of its particles would 
cause the nebula to assume a globular form, to start rotating, 
and to begin to grow hotter. The laws of dynamics tell us 
that as it oontraoted, it began to rotate more rapidly, its 
poles began to get flattened and its equator to bulge out. 
Finally the c^trifugal force at the equator would overcame 
the centripetal force there, and a ring of nebulous matter 
would escape. Or as is now thought more probable, denser 
portions of matter at the equator would be left behind and be¬ 
come the origin of satellites. As the original body stiU further 
contracted other rings or globular masses were liberated. 
These liberated masses would in their turn behave in like 
manner as the parent nebular mass, and throw off rings or 
balls of matter as they condensed, and consequently their 
rotation and centrifugal force became greater. Thus satel¬ 
lites to the planets would be formed. If the ring were of 
fairly homogeneous density, they might condense into an 
immense number of small bodies like the asteroids, or the 
lumps no larger than brick-bats which make up Saturn’s 
rings. The planets and satellites must first have liquified^ 
and then as they grew stiU cooler, solidified. Small bodies like 
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*tihe asteroids and satellites quickly lost thar heat and are 
now probably soM throughout. The next larger sized 
bodies, such as our Earth, Venus, etc., formed a cooler crush 
whilst retaining in their centre matter at a hi g h tempera¬ 
ture. The largest planets, such as Jupiter and Saturn, have 
•still retained their original nebular heat to such an extent 
that a cool crust has not yet been formed, and they are still 
in the semi-liquid stage. The huge central nucleus of the 
■original nebula, the Sun, which has retained the vast ma¬ 
jority of the primitive mass wiidiin himself, -will not lose any 
appreciable heat until he begins to liquify. It used to be 
thought, when it was first discovered, that the satellites 
«of Uranus and Neptune have a retrograde motion, and that 
4he inner satellite of mass has a shorter period of rotation 
than its primary, that these facts stirongly militated against 
the .acceptance of the “ nebular theory.” It has now be«i 
profved mathematically that they present no real contradic¬ 
tion to the theory. Let us now see what help we can derive 
froan-OUT study of the nebulas, in solving the riddle of cosmic 
‘evolution. Let us see the mutual relation existing between 
the various orders of bodies in the Universe, ■taraoing the series 
from the nebulae through the stars, down •to our own solar 
system. Herschel very aptly compared the denizens of the 
sky to the trees of a forest, where can be seen plants in every 
istage of development, from the seedling to the prostrate 
trunks of the dead and faded old oak. In the heavens in 
like manner we can see objects in their infancy and in their 
old age. We have just recounted the theory of the nebular 
.origin and evolution of the solar system as first propounded 
by Laplace and later improved upon by sucoeed^g genera¬ 
tions of Astronomers. Let us now extend our enquiries 
to the whole stellar Universe as known to us. In the first 
place, we find .vast inchoate masses of elemental or primeval 
matter scattered in aU directions throughout the Universe. 
Some of the vastest of these nebuhe can only be detected by 
photography, being too faint to be seen by the eye in the 
most powerful telescope. Surely, then, we are right in assum¬ 
ing this to be the raw material demanded by nebular evolu¬ 
tion theory. Surely, this k the “ world-stuff ” of the philo¬ 
sophers in its most elementary form. Next look at the great 
Amdtomeda nebula. It presents as it were in a living, 
piotare the very epitome or summary of the nebular theory. 
Here •we have the central condensing nucleus, the rings of 
tenuous matter thrown ofi as the nuoleus rotates, and at least 
two very clearly defined oondensed masses heginniikg to form 
themselves into dependent globes. Again, if we study the 
stars m the Trapezium of Orion, we see they ate Buirounded 
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by a dark space eaten out of the surrounding nebulosity, } 

■which has been absorbed in their formation, li we* examine 


tliw spectra of those Trapezium stars we see that it exactly 
tallies ■with the spectrum of the surrounding nebula. If 
wo study the planetary nebulae, we find we can arrange them 
in an orderly series from those which have only a slight 
central condensation, through those which exhibit a very 
clearly defined central nucleus, up to those which may pro¬ 
perly ho called nebulous stars, rather than planetary nebulse, 
the process of solar system formation having been completely 
aocoinplishod, the nebulosity around the star being the equi¬ 
valent of our Sun’s so-oalled Corona. Again, if we turn to 
the I’hiadcs, we find every individual star involved in very 
distinct nebulosity, and star joined to star by rays of nebu- 
liuiH njatter, and when the exposure of the photograph has 
iHjen Hidfiicicntly long, wo are amazed to find the whole group 
buried entirely in one vast nebula, whose dimensions utterly 
stagger the imagination. Here, then, again we find the 
closest connection between nobulsa and stars. Again, there 
are thousands of stars which appear to be enclosed in nebula, 
and the truth of this is confirmed by their very complicated 
BjxHitra, as of incandosoont solid bodies shining through gase¬ 
ous <uivol<)pes. In fact the stars can be arranged in an 
orderly series of the spectra, beginning from the least devo- 
lop«Hl planetary nobulm right up to the most finished star. 
Turn to our own Earth. The volcano tells us the interior 


is excewUirg hot, the thermometer carried below the surface 
tells the sanje tale. The geologist tells us that the granite 
of our mountains has been scorched by primaval fires, 
and that marble is but lime-stone transformed by intense 
hmt. The mountains themselves are but the wrinkles of the 
Earth’s contracted crust. Surely if the Barth were heated 
to inoandescense it would give a speotrom similar to that 
of the stars. If w© again turn to the solar system, we find 
that it is no mete accidental aggregation of bodies. Masses 
coining haphazard towards the Sun, would move as comets 
in every degree of inclination and eccentricity, but it quite 
ol herwise m regards the planets. We know, woortog to 
the nebular theory, the outer planets should have been formed 
from largo rings of small density, and the imer mgs from 
small rings of great density. Consequently the outer ijanets 
should be large but light and the mner planets smatt but 
heavy. And is not this true to fact 1 Then, again, m strict 
aSSiSanoe with the laws of the nebular theory, the planets 
all rotate in the same dixeotion as the Sun rota^, afi y 
in the some plane, and that plane very neatly i*!®*^*^ 
the phme of the Sun’s equator. The satelhtes also revolve 
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in the pl^e of the equators of their respective primariesj 
'which (with two exceptions which can be quite satisfactorily 
account^ for) are themselves again nearly in the plane of 
the Sun’s equator. Again, if we turn to the Sun, we know 
that his heat is kept up by continual contraction^ In other 
words he is growing smaller and smaller. Hence in past ages 
he was much larger than he is now. If we go back in our 
imagination over immense abysses of past time we see the 
Sun and his planets as one immense diffuse globular nebula, 
resembling in every detail the forms of nebulae which we 
can, with the aid of powerful instruments, now see as at pre¬ 
sent existing in the Universe. As regards, however, the vast 
question of cosmic evolution itself, whilst astronomical science 
has indeed given us not a few clear and decided answers, 
there is a vastly greater number of important questions 
which by means of patient and earnest investigations yet 
remain to be solved, and other questions regarding this 
unspeakably immense work of the Creator which are, and 
always will be, infinitely beyond the capacities of man’s finite 
and somewhat feeble intellect ever to solve. The range of 
man’s powers of research may be likened to that of ephemeral 
insects, the series of processes which it is in the power of man 
to watch and to trace back may be likened to the series Of 
events which take place within the limits of one day, which 
in the case of many insects represents a lifetime. jflJl that 
can be said with any certainty regarding this cosmic evolu¬ 
tion is that a universal process of condensation and aggre¬ 
gation of rarefied masses of matter (such as are the riebulae) 
is now going on in obedience to certain dynamical laws of 
force, that the potential energy of position is throughout 
the Universe being converted into heat, that this generated 
heat is being in aU directions radiated as energy into space, 
and to surrounding bodies as waves of light and heat, and that, 
if God does not hereafter decree otherwise, this process 
will continue until the temperature of all things in this Uni¬ 
verse will have been reduced to absolute uniformity and 
hence to eternal death and stagnation. But further than 
this it is not in man’s power to fathom even as regards merely 
this part of God’s realm which we call the Universe. “ Lo ! 
these are but a portion of His ways, they utter but a whisper 
of His glory.” We will conclude in the words of the old 
German seer : ** God called a man into the vestibule of heaven. 
And to an angel He said ; * Take him, and strip from him 
his robes of flesh, cleanse his vision, and put a new breath 
in his nostrils, only touch not with any change his human 
heart.' It was done, and with a mighty angel for his guide 
the man stood ready for his infinite voyage. And from the 
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terraces of heaven, without sound or farewell, at once they 
wheeled away into endless space. With solemn flight of 
angel’s wings, they passed through zaharas of darkness, 
through wildernesses of death, that divided the worlds of 
life, over frontiers which were quickening under prophetic 
motions from God. Then from a distance which is counted 
only in heaven, light dawned from a shapeless film. With 
unutterable swiftness they swept to the light. In a moment 
the rushing of planets was upon them, in a moment the 
blazing of Sun was around them. Then came eternities of 
twilight. Then came mighty constellations built up like 
triumphal gates, resting by spans that seemed ghostly from 
infinitude. Without measure or number were the archi¬ 
traves. Within were stairs that scaled the eternities around. 
Above was as below, below as above, depth was swallowed 
up in height unsurmountable, height was swallowed up in 
depth imfathomable. Then the man sighed, and shuddered, 
and wept, and said thus to the angel: ‘ 0 Angel, I will go no 
farther, for the spirit of man acheth with this infinity. In- 
iBufferable is God’s glory. Let me lie down and die, and 
bide me from the persecution of the Infinite, for end I see 
there is none.’ ” 
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The Proper Motion of Sirius. 

By R. J. Pooook, Esq., B.A., B.Sc., E.R.A.S. 

Sirius. —The brightest star in the sky—^lies within the zones 
allotted to the Nizamiah Observatory, Hyderabad, for the 
Astrographio Catalogue. 

Plate No. 396 was exposed on 1914 December 2t 
(=1914-969) with centre at approximately R.A. e** 44“*, 
Decln. —17° ; exposures 16 min. and 8 min. 

On this plate Sirius is near the edge and consequently 
considerably out of focus, the images consisting in a dark 
ring or halo within which is a dark circular disc with bright 
centre. The inner edge of the halo is clearly defined its 
diameter being about 6'-16" the outer edge shades off too 
imperceptibly to be accurately measured. The halos and 
dark discs formed by the two exposures overlap but the central, 
white spots are separated and easily measureable. The 
symmetry of the halos and discs afford -evidence that the 
object glass of the 8-inoh telescope with which the plate was 
taken is sensibly free from tilt. 

The position of the star (for 1900-0) given in the Washing¬ 
ton A. G. Catalogue is— 

R. A. O'* 40“ 46“ -60 Decln. 16° 34' 44" 0. S. 
or in “ Standard Co-ordinates-” referred to the above plate 
centre 

S'=3-6354 Vi'=7-9657 

while those obtained from the plate are 
S'=3-6996 •«'=8-0270 

the difference aS'=—- 0368 ^Vl' = -t-0613 is due to 

Proper Motion. 

These differences aro equivalent to —0-716 secs, and —18* 
'39 in R.A. and Decln. respectively. 

Taking the Proper Motion and Orbital Motion from the 
Nautical Almanac we find 

Decln. 

Proper Motion ®’-*-—"668 *°°*- —18-07 

Orbital Motion —-140 — 0-32 (for 1916-0) 

■^698 —18-39 

as compared with —-716 —18"-39 obtained above : t!io 

difference is less than the unit of measurement. 

The total number of stars measured on the platiO is 477, 
which is 3-9 times the number in the corresponding region, 
of Schonfeld’s Map. 
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Memoranda for Observers. 

' standard Time of India is adopted in these Memoranda. 

For the month oj April 19 IS. 

Sidereal time at 8 p.m. 

H, M. s. 

Apnl 1st ... ... ... ... 8 36 28 

„ 8th ... ... ... ... 9 3 4 

,, Idth ... ... ... 9 30 40 

22nd ... ... ... 9 68 16 

„ 29th... ... ... ... 10 26 62 

From this table the constellations visible in India during 
the evenings in April can be ascertained by a reference to 
a Star Chart, as the above hours of sidereal time represent 
the hours of Eight Ascension on the meridian 


The Moon. 

Phases— 


April 7th 

at 

1-42 A.U. 

Lost quarter. 



Uth 

»» 

fi- 6 P.M. 

New Moon. 



tf 22nd 

ff 

fl- 9 

Pirst quarter. 



„ 29th 

** 

7-49 .. 

PuU Moozx, 



OoCtrLTAOPIOKS- 

— 





April 4th 

at 10-42 A.M. 

Antares 

Between 0® and 73® S, 

r» 


6-30 „ 

Uranus 

,, 20** N. 

„ 62‘^S, 

.. 17ih 


4-30 P.M, 

The Pleiades 

„ 90® N. 

,, 38** N. 

ft 25th 

„ 12-34 A.M. 

Begulus 

S, 12'* s. 

„ 78*^8, 

COWJUNOTXONS— 





April ll(h 

at 

8-37 A.M. 

with Venus 

(Planet 2^-36' 

South.) 

„ 11 ^ 


6-39 P.M. 

,, Jupiter 

M 3°. 6' 


„ IHA, 

tf 

3-34 •« 

M Mais 

4‘».12' 

0f 

r, 


7-19 A.M. 

„ Mercury 


00 


t* 

2-63 

Saturn 

o 6®- 0' 

fr 


The Planets. 

The planets are all morning stars except Saturn and Nep¬ 
tune. At the beginning of the month, Mercury, Mars and 
Jupiter are all close together near the eastern boundary of 
Aquarius, rising a little more than an hour before the Sun, 
and preceded by Venus who rises in the same constellation 
about an hour earlier. Venus will be in conjunction with 
Jupiter on the 16th when only nine minutes of arc will separate 
the two planets. 

Mara.—Position on the 15th R. A. 23’57 Deo, l°-24' S, 
in Pisces. 
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Jupiter. —Position on the 16th R. A. 23'11 Dec. 6°-13' S. 
in Aquarius. 

Saturn. —^Position on the 16th R. A. 6’48 Dec. 22°-37’ N. 
in Taurus. 

Uranus. —^Positicm on the 16th R. A. 21*11 Dec. 16'’-64' S. 
in Aquarius. 

Neptune. —Position on the 16th R. A. 7*68 Dec. 20®-17' N. 
in Cancer. 


For the month of May 1915. 
Sidereal time at 8 p.m. 





H. 

M. 

s. 

Ist ... 


• •• 

... 10 

33 

45 

8th ... 


• •• 

... 11 

1 

20 

15th ... 


• • • 

... 11 

38 

66 

22nd ... 


• •• 

... 11 

66 

32 

29th ... 


• •• 

... 12 

24 

8 


Prom this table the constellations visible in India during 
the evenings in May can be ascertained by a reference to 
a Star Chart, as the above hours of sidereal time represent 
the hours of Right Ascension on the meridian. 

The Moon. 

Phases— 


May 

6th 

at 10-52 A.M. 

Last quarter. 


it 

14th 

ft 

9- 1 

New Moon. 


ft 

22nd 

tt 

10-20 „ 

First quarter. 


„ 29th 

OOOULTATIONS* 

It 

3- 2 „ 

Full Moon, 


May 

Ist 

at 

7-45 P.M. 

Antares 

Between 8® N. and 61® 8. 

ff 

6th 

tt 

12- 8 

Uranus 

„ 38® N. „ 42® S. 

tt 

16th 

tt 

7-46 

Nath 

,, 34® 8. M 62® 8. 

ft 

22nd 

It 

8-36 A.M. 

Kegulus 

„ 40® S. M 78® S, 

tt 29th ff 
Conjunctions— 

6- 6 M 

Antares 

„ 11® N. „ 68® 8. 

May 

9th 

at 10-38 A.M. 

with Jtipiter 

(Planet 3®-63' 8.) 

ft 

nth 

ft 

3-27 P.M. 

,, Venue 

,, 6®-28' S. 

ft 

12th 

ft 

6-26 „ 

,, Mars 

„ 6^-38' 8. 

tt 

16th 

tt 

7-46 „ 

„ Mercury 

„ 2®.51' 8. 

ft 

17th 

tt 

2-30 ft 

,, Saturn 

„ 4®-36' 8. 


The Planets. 

Mercury —^Is in superior conjunction with the Sun at 
11-30 F.M. on the 1st and then becomes an evening star. From 
the middle of the month he will set more than an hour later 
than the Sun, increasing his distance until the 31st, when 
he will set an hour and half later. 
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Venus —morning star, rises in Pisces about two hours 
before the Sun on the 1st. She moves into Aries on the 
18th. 

Mars —^Keeps close to Venus throughout the month, the 
two planets being in conjunction on the 14th, when Venus 
will be 0°-66' to the South of Mars. Position on the 16th 
R. A. 1*22 Deo. 7^-43' N. 

Jupiter —Rises about three hours before the Sun on the 
1st and about five hours before on the 31st. Position on the 
16th R. A. 23*33 Dec. 4^-0' S. in Pisces. 

Saturn —^An evening star, moves out of Taurus into Gemini 
during the 1st week of the month. Position on the 16th 
R. A. 6*1 Dec. 22"-43' N. 

Uranus .—Position on the 16th R. A. 21*13 Dec. 16®-47' S. 
in Capricornus. 

Neptune .—^Position on the 16th R. A. 8*0 Dec. 20‘^-14' N. 
in Cancer. 


For the month of June 1915, 
Sdereal time at 8. p.m. 





H. 

M. 

s.. 

June 1st ... 

... 

.. . 

... 12 

33 

68 

„ 8th ... 

. .. 

... 

... 13 

3 

34 

,, 15th ... 



... 13 

31 

10 

,, 22nd ... 

... 

... 

... 13 

68 

46 

„ 29th ... 

... 

... 

... 14 

26 

21 


From this table the constellations visible in India during 
the evenings in June can be ascertained by a reference to a 
Star Chart, as the ahove hours of sidereal time represent ther 
hours of Right Ascension on the meridian. 


Phases— 

June 4th at 10-2 p.m. 

„ iSth ,, 12-27 A.M. 

„ 20th „ 7-64 P.M. 

„ 27th „ 9-67 A.M. 

O0OTTLTAa?IONS— 


The Moon. 


Last quarter. 
New Moon. 
First quarter. 
Full Moon. 


JuTie 25th at 2-68 p.m. Antares 
,, 30th „ 4-69 A.M. Uranus 

CONJTOOTIONS— 


Between 9® N. and 69' 

„ 63® N. „ 18'a 


June Sth 
f, 9th 
„ 10th 
„ 14th 
.. 14th 


at 1-38 A.M. 


ft 

ff 

ft 

ft 


7r25 P.M. 
8,46 „ 

2-62 A.M. 
1-12 P.M, 


with Jupiter 
„ Mars 
,, Venus 
,, Saturn 
,, Mer<)UTy 


(Planet 4®-38' S.) 

„ 6®- 1' S. 

„ 6®-38' S. 

,, 4®-16' S. 

„ 4®-18' S.. 
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The Planets. 

Mercury —An evening star, is at greatest elongation 
23°-17' East on the 1st and will be visible during the first 
half of the month as he sets about an hour and a half after 
the Sun on the 1st and nearly an hour after on the 16th. 
He will be in inferior conjunction with the Sun on the 27th,. 
and will then become a morning star. 

Venus —^Is a morning star rising in Aries about an hour 
and three quarters before the Sun on the 1st. She moves 
into Taurus before the middle of the month and will be in 
conjunction with the Pleiades on the morning of the 14th. 

Mws —A morning star, rises from two and a half to three 
hours before the Sun as the month advances. Position on 
the 16th R. A. 2-61 Dec. 16°-46' N. in Aries. 

Jupiter —^Also a morning star, will be in quadrature with the 
Bun on the 19th rising then at about midnight. Position on 
the 16th R. A. 23’40 Dec. 2®-24' S. in Pisces, to the south 
of the Great Square of Pegasus. 

Saturn —An evening star, sets about an hour and a half 
after the Sun on the 1st, but will be in conjunction with the 
Sun on the 28th and then becomes a monung star. Position 
on the 16th R. A. 6-18 Dec. 22°-24' N. in Gemini. 

Uranus .—^Position on the 16th R. A. 21*12 Dec. 16°-62’ S. 
in Capricomus. 

Neptune .—^Position on the 16th R. A. 8*3 Deo. 20®-6' N. 
in Cancer. 


The Sun 

Attains its maximum declination north, and enters the 
sign of Cancer at 6*69 p.m. on the 22nd, being the summer 
solstice. 


• Jxdy 1st .. 
„ 8th .. 
,, 15th .. 
„ 22nd .. 
„ 29th .. 


H. 

M. 

s. 

14 

34 

15 

16 

1 

61 

16 

29 

26 

16 

67 

2 

16 

24 

38 


For the month of July 1915. 
Sidereal &ne at 8 p.m. 
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From this table the constellations visible in India during 
the evenings in July can be ascertained by a reference to a 
Star Chart, as the above hours of sidereal time represent the 
hours of Right Ascension on the meridian. 

The Moon. 

Phases— 

3vily 4th at 11-24 a.m. Last quartet. 

,, 12th ,, 3-0 P.M. New Moon. 

M 20th ,, 2-38 A.M. First quarter. 

,, 26lih „ 5-41 p.M. Full Moon. 


OOOULTATIONS— 


July 

10th 

at 

8- 3 A.M. 

Nath 

Between 36® S. and 62^^ S. 


23rd 

II 

1*47 „ 

Antarea 

,, 4®N. „ 65** S. 

COWTOOTIONS— 

1-32 p.M. 

Uranus 

M 60® N. ,, 20® 8. 

July 

3rd 

at 

2-13 P.M. 

with Jupiter 

(Planet 5®-12' S.) 


Sth 

II 

6-31 

,, Mara 

6®-30' S. 

II 

11th 

II 

1-43 A.M. 

,, Venus 

M 4®- r 8. 

II 

11th 

II 

2-22 „ 

,, Mercury 

„ 7®.67' 8. 

II 

nth 

II 

4- 4 p.M. 

,, Saturn 

M 4®. 0' 8. 

II 

11th 

II 

11-31 I, 

,, Jupiter 

„ 6®.20' 8. 


The Moon will enter the Penumbra of the Earth, but not 
the Umbra, on the 26th at 6-30 p.M. 

The Planets. 

Mercwry —Is now a morning star but too near to the Sun 
to be visible during the first week of the month. Prom 
then to the third week he may be visible, rising in Oemini 
a little more than an hour before the Sun. 

Verma —^Also a morning star, rises nearly an hour and a 
half before the Sun on the 1st in Taurus. She will move 
though Gemini during the month, and by the 31st she will 
rise less than an hour before the Sun. 

Ma/ra —A morning star, rises from three to three and a 
half hours before the Sun as the month advances. Position 
on the 16th R. A. 4'18 Deo. 21'’-6' N. in Taurus, between 
the Pleiades and Aldebaran. 

Jupiter —^WiU rise at about half an hour before midnight 
on the 1st and at about 9-30 p.M. on the 31st. Position on 
the 16th R. A. 23*66 Deo. l®-60' S. in Pisces. 

Saturn —^Now a morning star, will he too near to the Sun 
to be visible until about the end of the month, when he will 
rise about two hours before the Sun. Position on the 16th 
R. A. 6*36 Deo. 22°-34' N. in Gemini. 
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Uranus .—Position on the 15th R. A. 21‘9 Deo. 17°-10' S. 
in Capricomus. 

Neptune .—Position on the 15th R, A. 8'7 Dec. 19®-52' N. 
in Cancer. 

The Sun 

Will be in apogee at 3-30 a.m. on the 6th. 



For the month of August 1915. 





Sidereal time at 8 p.in. 






H. 

M. 

S. 

Avgust 1st 

... ... 

... 16 

36 

28 

,, 8 th 

... ... 

... 17 

4 

4 

,, 15 th 


... 17 

31 

40 

,, 22nd 

... 

... 17 

59 

16 


Prom this table the constellations visible in India during 
the evenings in August can be ascertained by a reference to 
a Star Chart, as the above hours of sidereal time represent 
the hours of Right Ascension on the meridian. 

The Moon. 

Phases*— 

August at *2*57 a.M. Last quarter. 

,, 11th ,, 4-22 ,, New Moon. 

,, I8th ,, 7-47 ,, First quarter. 

,, 26th ,, 3-10 ,, Full Moon. 

OOCULTATIONS- 

August 6th at 3-17 p.m. Nath Between 28® S. and 62® S. 

,, 19th ,, 8-21 A.M. Antares ,, 3® N. „ 67® S. 

CONJUNOTIONS— 


August 

6th - at 

4- 9 p.M. 

with 

Mars 

(Planet 4°.22’ 8.) 

»> 

8th f, 

5-63 A.M, 


Saturn 

ff 

3®-47' S. 

ft 

10th 

9-37 „ 

ft 

Venus 

9 f 

0®- 2' S. 

9r 

lOih „ 

8-46 P,M. 

tf 

Mercury 

99 

]®J7'N. 

ft 

2nh „ 

4-63 A.M. 

ft 

Jupiter 

99 

6®-27' a 


The Moon will enter the Penumbra of the Earth, but not the 
Umbra, on the 25th at 3-30 a.m, 

The Planets. 

Mercury —^Will be in superior conjunction with the Sun 
on the 14th and will then become an evening star, but too 
near to the Sun to be visible during the month. 

Venus —Is still a morning star, but approaches superior 
conjunction with the Sun which will occur on the 12th of 
September, so this planet wiU hardly be visible during the 
month. 
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Mars —Also a morning star, rises from three and a half 
to four hours before the Sun. Position on the 15th R. A. 
6*48 Deo. 23°-33' N. in Taurus. 

Jupiter —Rises at about 9-30 p.m. at the beginning of the 
month and at about 7-30 at its close. Position on the 15th 
R. A. 23’52 Deo. 2°-25' S. in Pisces. 

Saturn —^A morning star, rises from two to three and a 
half hours before the Sun. Position on the 15th R. A. 6-51 
Dec. 22°-19' N. in Gemini. 

Uranus. —Position on the 15th R. A. 21-4 Dec. 17®-28' S. 
in Caprioomus. 

Neptune. —^Position on the 15th R. A. 8*12 Dec. 19®-38' N. 
in Cancer, 

The Sun. 

There will be an annular eclipse of the Sun on the morning 
of the 11th, commencing at 1-26 a.m. in Longitude 145°-24' 
North and Latitude 22°-64' North, and ending at 7-18 a,m. 
in Longitude 122i°-24' West and Latitude 22®-0' South, It 
will consequently not be visible in India. 

For the month of September 1915. 


Sidereal time at 8 p.iu. 





H. 

M. 

s, 

September 1st 

... 


„. 18 

38 

41 

„ 8th 

, , , 

• • • 

... 19 

6 

17 

„ 15th 

... 


... 19 

33 

53 

,, . 22nd 

9 •• 

• • • 

20 

1 

29 

„ 29th 

t** 

... 

... 20 

29 

5 


From this table the constellations visible in India during 
the evenings in September can be ascertained by a reference 
to a Star Chart, as the above hours of sidereal time represent 
the hours of Bight Ascension on the meridian. 

The Moon. 

Phases— f 

September 1st at 8r26 f,m* Last quarter. 

3 , 9th ,, 4-22 ,, New Moon. 

„ 16th ,, 12-21 A.M. First quarter. 

,, 23rd ,3 3- 5 F.M. Full Moon. (The Harvest Moon). 

OOOULTATIONS— 

September 1st at 2-16 a.m. The Pleiades Between 83® N. and 60® N« 
2nd „ 11-14 F.M. Nath „ 32® S. „ 62® S. 

„ 16th ,3 1-42 „ Antares „ 8® N. ,, 00® S. 

>• 9 , 2 41 A.M. Uranuif „ 01° t» ^7° S# 
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Conjunctions— 


SepUmher 

4th 

at 

12-34 

P.M. 

'with 

Mars 

(Planet 2®-46'S.) 

99 

4th 

99 

7-36 

99 

99 

Saturn 

„ 3°-32' S. 

99 

9th 

99 

6-63 

99 

99 

Venus 

„ 4°-17'N. 

>f 

nth 

99 

11-20 

A.M. 

99 

Mercury 

„ 3°-61'N. 

99 

23rd 

99 

6-63 

*> 

99 

Jupiter 

„ 6‘‘-ll' S. 


The Planets. 

Mercury —^Now an evening star, sets about an hour later 
than the Sun on the 1st and about an hour and a half later 
on the 30th, so he will be visible in clear skies throughout 
the month. He will be in conjunction with Spica in Virgo 
at 8-30 p.M. on the 21st, the star being only one minute of arc 
to the south of the planet. He will be at greatest elonga¬ 
tion east 26°-2' on the 28th. 

Vemis —Is a morning star rmtil the 12th, when she will 
be in superior conjunction with the Sun, and then becomes 
an evening star again, but too near to the Sun to be visible 
during the month. 

Mcir& —Is a morning star rising four hours before the Sun 
on the 1st and nearly five hours before by the 30th. Posi¬ 
tion on the 16th E. A. 7‘14 Dec. 22°-69' N. in Gemini. He 
will be in conjunction with Saturn on the 11th at 4-32 a.m. 

Jupiter —^Will be in opposition to the Sun on the 17th, 
rising at sunset on that evening and being on the meridian 
at midnig ht. Position on the 16th R. A. 23'39 Dec. 3®-66' S. 
in Pisces, below the Great Square. 

Saturn —Is a morning star. Position on the 16th R. A. 
7'3 Dec. 22°-3' N. in Gemini. 

Urarnts .—Position on the 16th R. A. 20-69 Dec. 17®-49' S. 
in Caprioomus. 

Neptune .—^Position on the 16th R. A. 8*16 Dec. 19°-26' N. 
in Cancer. 

The Sun. 

The Sun will enter the sign of Libra at 8-64 a,m. on the 
24th being the autumnal equinox. 
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Notices of the Society. 


Telegraphic Address. 

The address of the Society has been registered at the 
Telegraph Office, Calcutta. Telegrams should be addressed 
“ Astronomy,” Calcutta. 


Addresses of Officers. 


Owing to inconvenience which has arisen from addressing 
the officers of the Society at their private address, it has been 
decided to receive oommimications on the business of the 
Society in future as follows:— 


Money Orders or letters con- j 
taining money or cheques. 

V- 

r 


All other communications 


To 

Rai Bahaduk U. L. Baner- 
JEB, Office of the Account¬ 
ant-General, Bengal, Im¬ 
perial Secretariat (Trea¬ 
sury) Buildings, Calcutta. 

(Name) L. Demetetus, Esq, 

[Designation) Business Sec¬ 
retary of the Astronomi¬ 
cal Society of India, 
Imperial Secretariat (Trea¬ 
sury) Buildings, Calcutta. 


It is requested that communications may be addressed 
accordingly. 
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Report of the Meetings of the Society 
held on Tuesday, the 11th May, 
Tuesday, the 1st June, and Tuesday, 
the 6th July 1915, 

The papers, read at the Meetings, are published 
in this issue. 

Some Facts and Hypotheses regard¬ 
ing Variable Stars. 

By THE Rev. A. 0. Ridsdalb, M.A., E.R-A-S., F.R. Met. 
Soo., M. Lond. Math, S., F.Ph.S., A.L.C.M., Fobbign 
Membbb of Sooibte Astbonomiqxte db Fbanob. . 

The vast majority of the stars are as invariable in their 
brightness as they are in their apparent positions in the sky. 
But there are many exceptions and these exceptions are 
sufficiently numerous to entitle variable stars to be placed 
in a distinct class by themselves, and within this class of 
variable stars there are many sub-classes. Thus some show 
a gradual and alternate increase and decrease of light between 
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definite limits, occurring within regular intervals. Othera 
attain a certain maximum and then decline to absolute 
extinction, and then again re-appear. Some are continuous 
in their processes of change. Others are quite irregular in 
their fiuctuations. Others have variable maxima and minima. 
Others have blazed out and never been seen again. Some 
have long periods and others have short and so forth. Very 
little attention curiously enough had been given by astro¬ 
nomers to these various classes of variable stars until about 
twenty years ago. The credit of the discovery of several 
hundreds of such stars is due chiefly to the labours of qtute 
a few astronomers such as Dr. Chandler, J. E. Gore, and 
Dr. Roberts of the Cape Observatory. In view of the fact 
that this sort of work is highly interesting and is well within 
the compass of amateurs, it is curious that it should have been 


so neglected. The binocular and even the naked eye has 
accomplished most of the spade work in this direction. The 
variation is judged by comparisons made with neighbouring 
stars. Of late the number of discoveries made has been greatly 
increased by the introduction of the photographic dry-plate, 
large number have been detected by the comparison of the 
photographic star charts made at the American observa¬ 
tories of Cambridge and Harvard. The photographed spectra 
of stars which present a peculiar “ colonnaded ” appearance 
immediately mark them off as variables. The photographic 
method has been especially successful in showing us the 
extraordinarily large number of variables that are to be found 
in star clusters and nebulae. Rut for ordinary single variable 
stars there is no better method than that of the naked eye or 
the mere opera glass, comparing the variable with adjacent 
stars at the time of its maximum and minimnin It must 
then be carefuUy noted to which of the neighbouring stars 
It IS then equal, or a shade brighter or fainter. A really 
^eful work can be done in this direction by the amateur. 

f®“iands no expensive instruments nor any mathe¬ 
matical ^oTriedge and skill, but only a modicum of patience 
and zeal. The professionals of the observatories gladly 
welcome records of observations sent in by the amateur, 
^Pec^y to more pressing and technical work, 

toey have httle tune themselves to devote to the observa- 
bon of variables. For it must be admitted that some time 
mi^t necessarily be wasted, in extracting these compara- 
^ly few variables (which only number about 20 in a million) 
from the m^s of the ordinary denizens of the sky, which are 
of nb peculiar mterest. In order to obtain precise quanti- 
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tative results in the matter of the variation of the light of 
variables however, instruments of great precision have lately 
been invented for accurately measuring their varying bright¬ 
ness. Such are the photometers.” They are of two distinct 
types. The first depends upon the equalization of two lights, 
and the second on the extinction of light. In the first 
method, the standard light of a known star, or of an arti¬ 
ficial star is varied in a measurable maimer, until it is reduced 
to the same magnitude as that of the variable under discussion. 
Thus a graduated wedge of neutral-tinted glass can be pass¬ 
ed in front of the standard star until the star is dimmed 
so as to equal in magnitude the variable. If the variable is 
brighter than the Imown comparison star, of course the 
wedge process must be reversed, and be used upon the vari¬ 
able. The better method, however, is that of extinction, as 
then we have no need of a comparison star. The wedge 
is passed in front of the variable until its light is just ex¬ 
tinguished, The reading at which the extinction occurs 
varies with the brightness of the star, and hence its bright¬ 
ness can be measured. There is one drawback to this method, 
namely, its greater liability to error due to the uncertainties 
of the atmosphere. Hence it is still necessary to check the 
state of the atmosphere first of all by observing the error 
in the extinction point of a standard star, and thus to be able 
to measure accurately at the time of observation the true 
magnitude of the variable. Variables possess very different 
ranges of variation. Some only range between a fraction of 
a magnitude. Others range through as many as eight magni¬ 
tudes, and are as much as a thousand times brighter at maxi¬ 
mum than at minimum. In many cases both their colour 
and spectra change regularly during the course of their varia¬ 
tions. Dr. Chandler’s catalogue of 1896 contains 383 stars 
asserted to be unquestionably variable. Of these 300 are 
regularly periodic. Of these again he makes fourteen to 
belong to the Algol ty^e, twenty to the Eta Aquilse class, 
and no less than 250 to the Omicron Ceti type. There are 
6 with periods vaiying from 25 to 60 days, it being doubt¬ 
ful as to which class they should be assigned. Thirty are 
certainly whoUy irregular in their variation, and there are 
about 50 stars whose period has not yet been assigned, and 
abput 150 which are suspected of variation. The new vari¬ 
ables are mostly telescopic. When a new variable is dis- 
coveredy it is now oustCmary to designate it either by the 
name of the discoverer or by one of the last letters of the 
alphabet joined with its constellation. Professor Pickering 
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and Bailey of Harvard were the first to make the startling 
discovery that a vastly preponderating number of variables 
can be found in certain of the star clusters. Some clusters 
contain none, others a very large number. In star-cluster 
Messier 5, in Libra, there are 85 variables out of a total of 
only 900 stars, in Omega Centauri there are 122, and in 
Messier 3 in Canes Venatioi there are as many as 132. Al¬ 
together 600 variables have been found in star clusters up 
to the present. The variations of these star-cluster variables 
are curiously alike. They nearly all go through a cycle of 
an average of 12J hours, ranging from a 10-hour to a 14- 
hour period. They all slowly and gradually lose their light, 
and then remain at about half-brightness for some time, 
and then suddenly rush back to their maxima with startling 
rapidity. This suddenness of the return to full light is very 
remarkable, and hitherto the phenomenon has received no 
satisfactory explanation. Some variables are very irregular 
in their fluctuations. The most remarkable of such stars 
is Eta Argus, or Eta Carinse, 59 degrees south (it can be well 
observed from Calcutta, but is too far south to be seen from 
England or North Europe), which varies from the first magni¬ 
tude as in 1843, down to the seventh magnitude ; which is 
its present brightness. Between 1677, when Halley observed 
it, and 1800, as far as can be judged from the existing records, 
Eta Argus oscillated in brightness between the second and 
fourth magnitude. Between 1800 and 1826 it rose rapidly 
in brightness, and between 1838 and 1860 it was never be¬ 
low standard first magnitude. Careful observations were 
made of its variations by J. Herschel in 1837 at the Cape 
Observatory. He records how astonished he was on December 
16, 1837, at coming across an apparently new star of the first 
magnitude. He, however, soon recognized it from its position 
as Eta Argus, and adds that it increased tiU January 2^ 
1838, until it equalled Alpha Centauri. It decreased agaiii 
till it was only equal to Aldebaran, but blazed up in 1843. 
tiU it was second only to Sirius in the whole heavens. 4^ 
its brightest it gives 25,000 times more light than at it^ 
dimmest. Eta .^gus is enveloped in a nebula. Professor 
Loomis is of opinion that after a further period of watch^ 
this star, it may not improbably , be found to have a period 
of about 70 years, but i£ this is reaUy so, it is absolutely unique 
among the variables. Several variables are known such as 
R, Andromedse which possess as large or even larger a range 
of vajriation than Eta Argus, but none are n^rly so bright. 
R. Androttied^ is never brighter than the sixth magnitude. 
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and sinks to the thirteenth. Eta Argus is a most puzzling 
source of speculation. The vastness of the changes that 
must take place there absolutely staggers the imagination. 

But perhaps the most curious of all celestial phenomena 
are the so-called temporary stars or ‘‘Novse.” Such stars 
suddenly burst into existence as it were and then as a rule 
gradually fade away. There are fifteen recorded cases of 
stars suddenly blazing up and then fading away again. Hip¬ 
parchus drew up his famous catalogue as a result of seeing 
a Nova in 134 B.C., his object being to leave behind him a 
record of the sky as it appeared in his day, in view of pos¬ 
sible future change. A Nova was observed in 389 A.D. 
in Aquila, Another famous Nova was the star seen by 
Tycho when out walking one November evening in 1572. It 
appeared in Cassiopsea, and became as bright as Venus and 
was even visible by day. But after 15 months, it absolutely 
disappeared, and has never been seen again. Janesen observ¬ 
ed a Nova in Cygnus in the year 1600, of the 3rd magnitude. 
Kepler has recorded that he observed a star in OpHuchus, 
which became more brilliant than Jupiter, and after two 
years faded rapidly away, leaving absolutely no trace behind 
it. In May 1860 a new star blazed out in Corona Borealis. 
It was noticed by at least five observers who have recorded 
their discovery. And Schmidt, who was examining that 
part of the heavens a week before the discovery, gives it as 
absolutely certain it was not there before the above date. 
Ten years later, he discovered a new star of the 3rd magni¬ 
tude in Cygnus. In a few weeks it faded away. Huggins 
examined it spectroscopically, and found it similar to our 
Sun when at its maximum, but as it faded away its spectrum 
changed to that of a nebula with three bright lines. Alto¬ 
gether eight Novae have been recorded as observed in the 19th 
century. Of late years the most notable Nova is that of Auriga, 
discovered in 1892 by an amateur astronomer named Anderson 
at Edinburgh. It quickly reached the fourth magnitude, 
but after three months it sank to the twelfth, after 
another four it again rose to the ninth, and then faded away. 
This star was afterwards found on a plate exposed at Har¬ 
vard on December 10, 1891, but it was not to be found on a 
plate exposed two days earlier. Its spectrum was examined, 
and was found to be double, one a bright-line, and the other 
an absorption spectrum. The lines too were shifted in such 
a way as to indicate that two stars were moving in opposite 
directions ; the bright-line mass receding from, and the dark- 
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line mass approaching us. Their velocities were exceedingly 
large and variable ranging up to 600 miles a second. It has 
been conjectured, that in the case of Eta Argus, two large 
bodies may have passed very near each other and thus pro¬ 
duced great tidal disturbances, causing immense eruptions 
corresponding to solar prominencies, only on a vastly larger 
scale. Eight months later the star which had sunk to the 
llth magnitude rose again to the ninth, and then Campbell 
found its spectrum to have become that of a planetary nebula. 
If astronomers had the leisure to carefully observe all the mul¬ 
titudes of the smaller stars, a vast number would be pro¬ 
bably found to be Novso. There are certainly important 
physical resemblances between those already observed and 
examined. But much more work needs to be done on such 
stars, before wo can hope to arrive at any true explanation 
of their vagaries. Many hypotheses have been put for¬ 
ward. Those sudden conflagrations might possibly be caused 
by two dark bodies colliding, and setting up enormous heat 
by impact. Or again, a star too faint to have been seen 
before, might bo lighted up by plunging through a nebulous 
mass of matter. The latter hypothesis seems preferable to 
the former, since on the former supposition, the sudden 
siuldng down to invisibihty could hardly be accounted for. 
The last Nova was discovered only 13 years ago in Perseus. 
It came to bo surrotindod by a nebula which was apparently 
spreading out at an enormous rate into space. It looked as 
though the star was ejecting matter that was travelling 
outward at a velocity equal to that of light, or nearly 200,000 
miles a second. It is probable, however, that there was 
in reality no omission of matter at such enormous velocity 
outward from the star, but that the star, in passing through 
a nebula, and in so doing becoming incandescent, was thus 
lighting it up. Wo wore thus beholding the actual motion of 
light, as it travelled out and away from the inoandesoMit star, 
at a rate of 180,000 miles a second. If this is the true theory, 
wo can calculate that the Nova must have been at a dis- 
tanoo from us of 300 light years. As a sub-division of the 
temporary stars, it may bo mentioned the “ Missing stars.” 
IJy comparing tho present aspect of the heavens and modem 
catalogues with ancient records and star atlases, many 
stars are now found to be missing. No doubt many such 
“ missing ” stars can bo accounted for on the hypothesis of 
mistaken entries, whether on the part of the recorder, or 
in the reduction of tho observation, or even in the printing. 
It is certain that in not a few oases one of the planets has 
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been mistaken for a star. There is no known instance of 
a new star appearing and remaining permanently bright. 
However, it is certain that there are genuine cases of missing 
stars, wMch cannot be explained away by any supposition 
of mistaken entries. It may be that such stars are in reality 
periodic, possessing a periodicity far exceeding the hmits 
of time within which the heavens have been observed with 
any scientific accuracy. In this case they will at some future 
epoch re-appear. Quite another type of variable star includes 
the regularly periodic variables. These can be divided roughly 
into three classes. The first class we will call the short- 
period variables. The most notable of these are Delta 
Cepheus, Eta Aquilse, and B. Lyrse. Delta Cepheus passes 
from minimum to maximum in 38 hours and from maximum 
to minimum in 91 hours. Eta Aquilse departs from and 
returns to maximum in a 7*189 days cycle. Beta Lyrse, 
which was discovered to be a variable by Goodricke in 1789, 
is a most curious and interesting variable. It has two maxima 
and two minima of unequal values. The whole period being 
12*6 days. From minimum which is 4J magnitude, it rises 
in days to its greatest maximum of 3*4, it then gradually 
sinks in 6 days to 3*9 its lesser minimum, and in 4 days more 
rises to its lesser maximum of 3*5, and then rapidly sinks 
again to its greatest minimum of 4*5. A further very re¬ 
markable fact is that this period is not constant, but is 
probably itself periodic. From 1784 onwards the period was 
lengthening, but the lengthening was not constant but became 
gradually slower, until in 1840 the lengthening ceased, and 
since then the period has been shortening. So much for the 
short period variables. The most conspicuous of our second 
class or the long-period variables is Omicron Ceti, generally 
known as Mira—‘‘ The Wonderful.*’ This was the tot vari¬ 
able to be subjected to scientific scrutiny. David Fabricius 
notified his discovery on the 13th August of 1596. It has 
been carefully observed ever since. Its period is 11 months. 
During most of this time, though invisible to the naked eye, 
it can be easily seen with the aid of binoculars. Once in 11 
months it rises rapidly to its maximum, remains at maximum 
for about a fortnight, and then gradually faints away to its 
former long period of faintness, taking about three months 
out of the eleven to make its changes. Its maximum is not 
constant however. Sometimes it attains to the brightness of 
a brighter second magnitude star, and sometimes not even to 
that of a fourth magnitude. The period of return to maxima 
is not constant, but varies by several weeks. A large majority 
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of the variables belong to the Mira class of long-period, all of 
them being of a distinctly reddish hue, and most having a 
“colonnaded” bright-line spectrum. The mean period of 
variation which .^gelander computes as 331-3 days is not 
constant, but subject to a larger periodical fluctuation of 
29,700 days during which the mean period of 331-3 days varies 
to the extent of plus or minus 25 days. Its maximum vari¬ 
ation in brightness is also probably periodic. At its maxi¬ 
mum its spectrum shows a large number of bright Hues, most 
of them probably due to hydrogen, but many as yet remain 
unidentifled. The strange conduct of such stars as Mira may 
perhaps be due to eruptions similar in kind to, though vastly 
greater in scale than, the solar prominences. Their periodicity 
is after all no more mysterious than is the periodicity of 
the srm-spots. There are less than 100 stars of the third 
class of periodical-variables known to us, whose most notable 
member is Algol or Beta Persei, the “Demon star.” Its 
B. A. is 3 hours and Deol. 40 degrees 23 minutes. Two 
smaller stars will be seen on either side of it. In Autunm 
after sxmset it wiU be in the N. E., in Spring in the N. W., 
and in Winter north of the Zenith. The shortness and great 
regularity of the variations of this Algol type ranging from 
4 hours up to 13-2 days is a characteristic. They suffer a 
partial eclipse at short intervals. When at its brightest 
Algol is of 2-1 magnitude, and when least bright is less than 
3-8. Hence at minimum it is only one-sixth as bright as at 
maximum. Its whole period is 2-89 days, which is constant, 
except for a very slow secular lengthening. It falls from 
maximum to minimum in 1|^ hours, remains at minimum 
for 20 minutes, and returns to maximum in 3| hours. These 
changes have been noticed from ancient times, but were 
not studied accurately rmtil Goodricke pointed them out 
in 1782. The spectroscope has proved that such variables 
as Algol are binaries, too close to be separated by any teles¬ 
cope. The shift of the lines of the spectrum shows Algol 
as alternately approaching and retreating from us, as though 
it wore one star revolving in an orbit. Prom 12 to 18 hours 
before obscuration Algol is receding from us at 27 miles a 
second, after the minimum it is approaching us at the same 
rate. The brighter component is regularly eclipsed by the 
darker one, their orbits being in the same plane with the 
Eaith. In other oases where the diminution of light is less 
marked than in the case of Algol, both stars are probably 
blight. When one is behind the other, we should receive 
less light than when they are side by side. In the case of 
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Algol it can be Oalctdated that Algol is 3,260,000 miles distant 
from his dark companion, and that their diameters are 840,000 
miles and 1,060,000 miles respectively. Their united mass is 
two-thirds of the Sun’s mass, and their density only one-fifth 
of his. Judging from certain irregularities in the proper 
motion of this pair, it is probable that the pair is itself revolv¬ 
ing around another distant dark body in a period of 130 
years. The irregularities, however, may with equal probabi¬ 
lity be due to a slow revolution of the orbital apsides of the 
pair. One of the most remarkable of the variables of the 
Algol type is V. Puppis, lately discovered by Dr. Eoberts. 
Its period is only 1*6 days. The astounding conclusion has been 
arrived at, that the two components are revolving round one 
another in actual contact. We will now take a further survey 
of the hypotheses we have already touched upon, to account 
for these curious variations of star magnitude. One of the 
most striking things in the whole range of astronomy is the 
suddenness and the vast scale of the outburst of light on th6 
part of certain t3pes of variable stars. Many hypotheses more 
or less satisfactory have been put forward to account for these 
astounding phenomena. Certainly no single explanation 
could account for all the various types of variable stars, and 
probably no sure and safe explanation can as yet be given 
for irregular variables. We will hazard a few hypotheses. 
Perhaps in some cases the outbursts may be due to the 
collision from time to time between two previously dark or 
semi-dark bodies. We know for several reasons that there 
do exist dark bodies, and that they may move with great 
velocity. The outburst would thus appear where previously 
nothing had been seen. The objection to this theory is the 
rapidity vdth which the conflagration dies down, until it soon 
becomes invisible. Another objection to the collision theory 
is that, when we consider the smallness of the diameter of 
stars compared with the vastness of the distances between 
them in space, calculations of probabilities of collisions would 
not lead us to expect anything approaching the number of 
the temporary stars actually observed. On the other hand it 
is not necessary to suppose an actual collision of their surfacesi 
It .would be sufficient in many oases for them to pass very 
near each other, in order to produce very vast upheavals and 
consequent outbursts of light. Perhaps a better theory for 
temporary stars, is that a dark body may beo<Hne incandes¬ 
cent by passing, ■with great -velocity through a nebulous mass. 
The gradual' dying down of the light would correspond to 
its gradual exit from the nebula, as the nebulous matter os 
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the outskirts became more and more rarified, and hence the 
star became less and less incandescent. It is not impossible 
that these outbursts are due to something aldn to solar pro¬ 
minences on a vastly greater scale. In the case of the Nova 
of 18G6, Huggins found its spectrum greatly resembled 
that of the Sun, and that it behaved in a manner very similar 
to the Sun’s spectrum during periods of great solar activity. 
The position of the spectrum lines showed that the out¬ 
burst was due to glowing hydrogen travelling outwards at 
an enormous velocity. Its spectrum, like our Sun’s, was a 
continuous one, crossed by dark absorption lines, Huggins 
attributed the outburst merely to an exceptionally vast 
emissio.n of hydrogen, which by its own light and by heating 
np the whole surface of the star was sufficient, he thought, 
to account for the groat accession of light. We know the 
rod llamos round the Sun are caused by eruptions of hydrogen 
from lus interior, and that those eruptions ate accompanied 
by a gre^at brightening of portions of his surface, which we 
call facula^ Newton thought that outbursts were due to 
the falling into the star of bodies of a comotary nature. But 
this hypotlussis lias many objections, and iii any case it could 
not account for pcuiotlioity. Horschol considered the varia¬ 
tions nothing more than magnified Sun spots, and that the 
periodicity <iould be acoountod for by the combination of 
axial rotation witli the periodicity of the spots themselves, 
in like jnanue.r as our Hun has a spot-poriodioity of approxi- 
niafely 11 y<«i.rH. Tlic* liglit of tho variable would bo greatest 
when HjMits wt^ro lowt and vice. veraA. If an observer were 
far enough away, ho would perceive our Sun to be a variable 
star, alt'liough indeed tho variation woxrld bo very much 
less than that of any star which wo donominato as “ variable.” 
It is n(»t in the least impossible to tho nature of stollar com- 
{Mwilitm, h) suppose that very much vaster spot-systems 
eould exist iik (>th(»r stars than in our Sun, without inducing 
disruption or dlsintigration. May not another hypothesis 
bo not altogckthor inipossiblo, namely, that some stars may 
owing ft) onormovis rotational velocity bo spheroids of so 
gr(^atl oblaf.eneaH, as to imve the form of their flat disks, some¬ 
thing after (.ho fashion of tSatum and his rings, and inany of 
tho nabulio ( May not the axis of rotation vary in inclination 
towards tho Kartii, so ns sometunos to bo soon porpondioular- 
ly when it would give its maximum light, and sometimes 
to be soon (xlgewise au<l then to bo too thin to bo visible ? 
'Phis tikoory wouhl at bis»t iiciiouht for “ periodicity.” Again, 
nkay it not bo that some star-s are rovolvihg, along ,tntK 
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their surrounding nebula, and that the nebula may ex¬ 
tend out from the star very irregularly, or be very irregular 
in density, in such a manner as to present to our view a much 
thicker veil to the star on one side, as star and nebula rotate 
together, than on another. Again may there not be planets 
in other systems of greater size though of vastly less density 
than their primaries (Saturn, for example, is far less dense 
than the Sun), so that in circulating in their orbits, which 
may periodically vary in inclination, they may thus out off 
sometimes more and sometimes less of the light of their pri¬ 
maries, and thereby account for the varying maxima and 
minima of so many of the variables. Another theory to 
account for temporary stars, and also variable stars of the 
Mira class, has been put forward by Lockyer. He supposes 
that such stars are in a primitive condition of close aggregates 
of meteoric bodies, not yet condensed or compact globes, 
and that each such aggregate has another smaller aggregate 
circulating round it in a very eccentric elliptical orbit with 
very smaU perihelion distance, such that when in perihelion, 
the one meteoric aggregate will graze the other, and thus 
set up an immense number of violent collisions between in¬ 
dividual meteorites, without disturbing the general orbital 
motion as a whole. The great irregularity of the stars of this 
class seems, however, to be an objection although not an 
altogether insuperable one to such a theory. It is very 
probable that the more regular and punctual variables may 
all of them be proved to be spectroscopic binaries ; the vari¬ 
ation being due in part at least to eclipse, and also in part 
perhaps to certain tidal interactions, the nature of which 
is at present obscure. The odd and even minima occurring 
as they do in several instances at unequal intervals, certainly 
indicate very eccentric orbits. We will conclude by venturing 
to suggest, that the true explanation of the variations of the 
greater number of variables will be found to be, not in any 
one single hypothesis, such as we have put forward above, 
but in every variety of combination of these hypotheses. 

Note on the Proper Motion of 61 Virginis 
(B.D—17°3813). 

By T. P. Bhaskar Shastbi, B.A. 

Thb star 61 Virginis (Mag. 6th) lies in the portion of the 
heavens allotted to the Nizamiah Observatory for the astro- 
graphic catalogue. 
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Plate No. 126 was exposed on the 17th March 1913 
(=1913'206) the coordinates of the plate centre, reduced to 
the Epoch 1900‘0 being approximately R. A. 13h. 16m. 00s. 
Decl.—17° 00' 00*. The position of the star (for 1900‘0) as 
given in Washington A. G. C. is—r- 

R. A. 13h. 13m. 10*73s. Decl.—17° 46' 13-6" (Ep. 1894*9) 
or in “ Standard coordinates ” referred to the above plate 
centre. 

=4*9386 1?'=22*0607 

while the measures given by the plate are 
X'=4*8740 y=221234 

The difiereuces 

X—^= —‘0646 y— 17 '==+’0627 

are due to the proper motion of the star in an interval of 
1-8*3 years. 

Two subsequent plates Nos. 611, 621 exposed on the 18th 
February 1916 ( = 1916*131) and 11th March 1916 (= 1916*189) 
give differences:— 

X—i' = —*0720 y—V = + -0710 

X—= —*0720 y—^ 17 '= +*0680 

Mean = —*0720 Mean =+*0696 

due to the proper motion in an interval of 20,* 3 years. Bum- 
ham in his General Catalogue of Double Stars (No. 6447) 
gives:— 


The change is due to the proper motion of A which is 
given from meridian positions:— 

Auwers 1*616* in 226*9° 

Porter 1*613" in 225*7° ” 

•while. Burnham himself derives the following Proper Motion 
from a discussion of a set of four measures 
1*481* in 226*6° 

Converting these into R. A. and Decl. we get the following 
values of the annual P.M. 


Auwers;— 

AX 

AY 

Epoch. 

—1*064" 

-t1*088" 

Porter 

—1*067" 

—1*083" 


Bmnham .*— 

—1*018" 

—1076" 

1883*04 

f Plate 126 

—i*069" 

—1*028" 

1913*20 

(•Plate 6211 
ii Plate 611 C, 

—1*064" 

-^1*027" 

1915* 16 


Hyderabad 


This, jitei has a faint companion of the 10th Magnitude and 
13 one of the pairs first discovered by Hersqhelt 
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Note on “ What is the Nature of the 
‘Resisting Medium’ in Space.” 

^ By thi; Rev. A. C. Ridsdale, M,A„ P.R.A.S!, F.R. 
Met.. Soo., M. Lone. Math. S., F.Ph.S., A.L.C.M., 
Foeeigh Member of Sooiete Asteonomiqxje de 
Fbanob. 


A PBoxjUAmTY.of xsertaia of the comets, notably Encke’s, 
is that their periods are ^adually decreasing. Encke first 
discovered in 1824 that its period is shortened each revolu¬ 
tion by about 2J hours. Since his time its period has dimi¬ 
nished by as much as, 2 days and 3 hours. He found it was 
impossible, to account for this diminution of the period by 
admitting errors in the computed masses of the planets 
which would have disturbed the comet in its orbital path. 
He, therefore, was led to attribute the cause to the existence 
of a resisting medium in the neighbourhood of the Sun. For. 
such a resisting medium would diminish the major axis and 
eccentricity of the comet^s orbit, and thereby increase its 
mean motion, without affecting the inclination of the orbit 
or the longitude of its nodes. He, therefore, assumed that 
the interplanetary space contained something of sufficient 
density to oppose the; motion of comets moving in their 
orbits. This opposition or resistance must be of the nature 
of a tangential force, tangential to the comet^s orbit. By 
the joint action of its own velocity and the Sun’s attraction. 
a comet’s path is determined. These two forces are an¬ 
tagonistic. A resisting medium will reduce the velocity 
of a comet, and then the Sun’s will be able to force it to/ 
describe a smaller orbit. And if the orbit be diminished,, 
then the periodic time will be diminished in the same ratio. 
The resisting medium- increases in density towards the 
Sun’s; centre. The path of the comet would then be not 
an ellipse but a; spir6d. It would eventujally faff into the' 
Sun^ As to what this resistang medium” may/ be^ is by/ 
no means? agreed upon. Axago> considjers iti to> be the^ inter- 
steUafc ether' itself. But this theory seems to* be- highly inn- 
pisobable for many reasons. A sounder hypothesis is that 
this ‘'.resisting medium” is ani atmosphere: surrounding and 
belonging' toi the Sun^ and that it inoreases im density m some 
such proportion, aa the; inverse oube of his^ distance; Xf 
this, be 80 .^. then it is (juitej oertamt-fi^^ sound mathematioah 
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principles, that it must itself be circulating around the Sun 
with nearly equal rotational velocity. And then the result 
would not be what is observed in the case of Enoke’s comet. 
Its orbit would depend on the relation between the original 
velocity of the comet on the one hand, and that of the 
layers of the solar atmosphere on the other. At first no 
doubt acceleration would be produced, until the comet’s 
orbital eccentricity became zero. Then it can be matho- 
maticaUy demonstrated that its major axis would no longer 
be diminished, that its path would never become spiral, and 
hence its tendency would not be to fall into the Sun. What¬ 
ever then may be the true explanation of this “ resisting 
force,” which makes a comet describe a diminishing orbit, 
and hence accelerate its velocity—and this force I am con¬ 
vinced most certainly exists—^it must be conceived of in any 
case as a compound of two forces, the radial force acting 
from the Sun, and a tangential force opposite to its motion. 
If this latter force then be not due to the solar atmosphero, 
it may possibly be due to a comet’s “ jets,” which it belches 
forth towards the Sun in the neighbourhood of perihelion, 
exercising upon its centre of gravity a repulsive action, which 
would be sufficient to change and diminish its orbital path 
when in the Sun’s neighbourhood. And certain rosoarohes 
of Argelander on the comet of 1811 midoubtedly support this 
latter theory. 


The Bengali and Semitic Seasons. 

By W. J. Simmons, Esq., B.A., F.R.A.S. 

The seasons le^timately come within our jurisdiction ; 
they are astronomical phenomena in the sense that they 
depend on the Sun’s apparent annual motion in declination, 
due to the Earth’s axis being tilted in relation to the plane 
of the Earth’s orbit. I must assume that you are all fAmilifl-r 
^th the diagram given in such books as Heath’s 20th Century 
Atlas of Astronomy,” and in passing will merely remind 
you that our word season comes to us through the French 
language, from the Latin verb Sero, I plant, or sow; StWie, 
to plant or sow. The seasons are everywhere associated 
with changes on the Earth’s surface, with conditions of tem¬ 
perature, moisture, and necessarily of vegetation. The 
word (season) itself is obviously related to the sowing period 
of the year, or sprkig time, as if that were emphatically the 
season e£ seasons. These periods occur in different parts 
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of the Earth at different times of the year ; and their demar¬ 
cations are conventionally adjusted. In Great Britain, 
Spring begins in February, Summer with May, Autumn with 
August-September, and Winter with November-December. 
In America and Canada Spring begins on the 1st March, 
Summer on the 1st June, Autumn on the 1st September, and 
Winter on the 1st December. It would almost seem as if 
the year ought to be divided into four seasons, which should 
begin when the Sun reaches the four cardinal points that 
mark his career along the ecliptic. Spring from this point 
of view should begin on the 21st-22nd March, the Vernal 
Equinox; Summer on the 21st-22nd June, the Summer 
Solstice ; Autumn on the 21st-22nd September, the Autumnal 
Equinox; and Winter on the 21st-22nd December, the 
Winter Solstice. But, at the outset, I must observe that 
this four-point rule does not apply to the whole Earth. At 
the Poles there are only two seasons, a long and dreary 
Winter and a short-lived Summer. In tropical regions there 
are practically three seasons, the hot season, the rainy 
season and the cold weather. It is here that for the pur¬ 
poses of this Note the conventional adjustment of these 
annual periods comes in. In Bengal, as amongst the ancient 
Hebrews, there are six seasons. First, Summer or Gfrishmo, 
which includes the Bengali months of Bysack and. Joistho 
(middle of April to the naiddle of June); second, the Rains 
or Baraa, which includes the Bengali months of Ashar and 
Sraban (middle of June to middle of August); third, Autumn 
or Sharat^ corresponding to the Bengali months Bhadra 
and Aswin (middle of August to middle of October); fourth, 
Heemunto or the period of heavy dews, including Kartic 
and Aughrayan (middle of October to middle of December); 
fifth. Winter or Sheet, including Pous and Magh (middle of 
December to middle of February); and sixth, the Spring, 
oxBasunto, including Falgun and Choitra, the small-pox 
season (middle of February to middle of April). This division 
into six seasons occxirs we are told by Bomesh Chunder Dutt 
in his History of Civilization in ^cient India (Book II, 
Chapter VII); in the Vedas themselves, a work which 
carries us back to B.C. 1400 to 1000 B.C. The six seasons 
of the year were then called respectively Madhu, Madhava, 
SuJcra, Sochi, Nalha, Nabhasya, I have referred (unsuc¬ 
cessfully, I regret to say) to Wilson’s Translation of the 
Rig Veda, and .have not been able to trace the pa^ssage 
on, which. Rornesh Chunder Dutt relies for this .archaic six¬ 
fold division of the. year. With the anciont Hebrews. the 
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year was also divided into six seasons. Those familiar with 
the most widely known portion of ancient Hebrew literature 
preserved to us in the Old Testament, wiU remember it is 
■therein recorded that after Noah came forth from the Ark, 
Yahveh said, not to Noah, but in His own heart, ‘‘ while the 
Earth remaineth seed time and harvest, and cold and heat, 
and summer and winter, and day and night, shall not cease.” 
It is curious that day and night should tos included as a kind 
of Appendix to the category of the seasons ; but if regard be 
had to the changes in temperature, &c., which day and night 
bring with them, one can perhaps understand how these 
diurnal phenomena might, amongst early peoples, come to 
be regarded as seasons. The Arabia, another Semitic people, 
to this day retain the same six-fold division of the early 
Hebrews. 

The first of the Hebrew seasons was “ Harvest ” (for they 
do not seem to have begun with the Spring time). It ran 
from the middle of April to the middle of June, and corre¬ 
sponded to the Summer season or Orishmo of the Indians in 
this Rpovinoe, The air was warm, and even hot, and in the 
plains of Palestine severe at this period. The second season, 
•or ** the heat,” ran from the middle of June to the middle of 
Au^st. The beat was then intense. The Arabs call 
season '* the Vernal Summer,’^ and you wUl recognize that 
it corresponds with our rainy season or Barsa in Bengali 
The third Hebrew season or “ Season of Fruits ” correr 
sponded to the Autumn or Bharat of Bengal. During these 
first three seasons, there me no showers, rain being as scarce 
in Summer as snow. Hence the* Hebrew proverb as “ Snow 
in- Summer, and as rain in- harvest-, so honour is not seemly 
for a fool” (Prov. XXXT-1 )]l This was the Hebrew season 
of hekvy dews, which, in th^ literature aro; an; emblem of 
Diyine graKse and’ goodness^ The fiDuarth? of the Hebrew 
seasons was “'seed-time”; it iaclwded the period from 
earfy October to early December, and corresponded to the 
Bengali Heemmto, The former, or early rain, referred to 
in the Jewish Scriptures fell during this period. The* fifth 
season was “ Winter ” and like the Bengali Sheet ran* from 
the middle of December until the middle of February.. The 
sixth, and last season wasi. “ the. cold,” and corresponded 
to the Bengali Baeunto.'* It began in the middle of 
and ended in the middle of April. The rains wei© 
th^ ofB, and the laiiest fallb which ocoumed in early 

April' . called razm” Thoa»& faimliar: mUik 
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the. Hebrew Scriptures will remember the former and the 
latter rain are referred to in passages occurring in some 
of the books attributed to the Prophets of Israel (Jer, V-24; 
Jo. 11-23). Our Indian friends, who are necessarily familiar 
with the Sanskrit literature, only accessible to us, as is the 
case with the Hebrew literature, in translations should, if 
I may venture to say so, be able to follow up the line of 
investigation, which I have only briefly suggested. 

In my enumeration of the Hebrew seasons, which as I 
have already observed still obtains in Arabia, you wiU not 
fail to be struck with the fact that the six-fold division of 
the year, into periods of two months each corresponds notably 
with the six-fold division of the Bengali year. But you 
also cannot fail to be impressed by the marked differences 
which obtain between the seasons as they prevail in a Medi¬ 
terranean country, and as we know them in Bengal. The 
Hebrew harvest was contemporaneous with our spring time 
in Bengal; and again they had hail and severe thimder- 
storms, the torrent brooks of hallowed Israel, were in spate 
and the streams filled their channels in the Palestinian 
winter, which fell during our Bengali Sheety that enjoyable 
period when we have the unclouded skies and the bracing 
weather that make Calcutta so great an attraction to our 
cold weather visitors. The Hebrews as was also the case 
according to Romesh Ohtmder Dutt with the early Aryans 
in the Vedic period associated their seasons with gods and 
religious festivals. I venture to suggest that all of us, 
whether Christian, Hindu or Jew, do the same to this hour. 
The Christian Easter and Christmas are merely survivals, 
with altered meanings attached to them of archaic seasonal 
festivals. But here we approach barbed wire entangle¬ 
ments, which lie outside the scope of our Society and of 
this Note; the object of which wiU have been attained if 
I hav4 succeeded in drawing your attention to an interesting 
subject which I commend to you for further study. 
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Note on “ The Possibility of a Colli¬ 
sion between the Earth and another 
heavenly body.” 

By the Rev. A, 0. Ridsdale, M.A., F.R.A.S., R.R.Mbt. 

Soo., M. Lond. Math. S., li’.Pn.S., A.L.C.M., B’oeeign 

Member OP Sooietb Asteonomiqtje de Pranoe. 

A learned paper by the Mathematician Lalande, entitled 
“ R6flesdons sur les oom(ites qui peuvent S’approcher de la 
Terre,” which was read before the Acadamio des Sciences 
early in the year 1773, caused a serious panic throughout 
France. The mistake arose from a garbled account of his 
paper, which appeared in the “ Gazette de France,” An 
explanation from the pen of Lalande himself did little to 
restore calm, and the Archbishop of Paris was solicted to 
appoint a forty hours’ prayer and fast to prepare for the 
jTudgment Day, The real purpose of Lalande’s paper was 
to find by calculation the distances of the nodes of sixty-one 
isomets from the Earth’s orbit, and also the distances of these 
comets from the plane of the ecliptic, at the moment when 
the comet’s radii victores wore equal to umty. By mAn.ng 
of these elements, he showed which of the comets could most 
nearly approach the Earth, Two comets have approached 
the Earth’s orbit to within a distance of half a million and 
860 thpusslnd miles respectively, namely, the comets of 1680 
and 1684, Butin both cases the Earth was at the tune far 
from the points where the comets out the ecliptic plane. But 
the comfet of 1770 passed through the ecUptio at a point only 
168 thotisaild ipiles distant from where the' Earth passed 
but ^e hotirs later. The comet of 1680 is of peculiar interest, 
ih that a<i66tding to the calculations of Halley and Nc^on 
it was 'the comet w^hioh produced so world-wide a sensation 
in 1106 and-531 of our era, announced the death of Csesar in 
B.C. 43, appeared at the taldng of Troy, and still earlier, 
in the time of the Minoan King Ogyges in B.C, 1769, who 
according to ancient Greek traditions Herodotus tells us 
was contemporary with a second Deluge. But the most 
interesting point in coimection with this comet is that it 
. probably appeared in 2344 B.C., the date fixed by chronologists 
for the Mosaic Deluge. Whiston would have it that this 
cbm^: was the cause of the Flood. According to him, it 
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caused a prodigious tide, not only in the waters of the sea, 
but also in those beneath the solid crust, in the region of 
Armenia, which was nearest the comet at the moment of its 
close passage to the Earth. A considerable scare was created 
by Olber’s prediction that Biela’s comet would intersect the 
Earth’s orbit at 10 o’clock on the night of October 29, 1832. 
The distance of the comet’s node from the Earth’s orbit was 
4*66 radii of the Earth or 18,600 miles, and since the radius of 
this comet’s atmosphere was over five such radii, it was evident 
that the Earth’s orbit would intersect some portion of the 
comet’s atmosphere. The scare-mongers had, however, 
overlooked Giber’s statement that at the moment when the 
comet would be crossing its node, the Earth could not 
then be less than forty-nine millions of miles distant from it ! 
Lambert in 1765 wrote :—‘‘ The near approach of comets 
might occasion the most dire catastrophies to our Earth— 
cover it again with the waters of a deluge, cause it to be 
consumed by fire, crush it to atoms, or at least divert it from 
its orbit, carry away its moon, or, worse still, carry away 
itself, and bearing it off to remote regions, compel it to 
endure a winter, which neither man nor animals would be 
capable of resisting.” And Lalande has calculated that 
a comet of the same mass as the Earth approached to within 
a distance of one quarter of that of the Moon, it would suffice 
to raise the waters of the oceans 2,000 fathoms, submerging 
the Contments.” But we hasten to point out, that this cal¬ 
culation ignores the important fact that it would take many 
hours of proximity for a comet (independently of its mass) 
to be able to raise such tides. Whereas, if a comet be, sajf, 
40,000 miles distant at perigee, it would have passed [if mov¬ 
ing (as is a reasonable supposition) at parabolic velocity], 
50,000 miles distant only one hour later, and would then be 
oyer 23 degrees vertically distant from the position it occu¬ 
pied over the Earth when at perigee. Or to take an extreme 
case, in one-half hour only, a comet could have changed its 
vertical position in respect to our globe by over 80 degrees.. 
Comets pass indeed, with such rapidity in the vicinity of the 
Earth, that the effects of their mere attraction need occasion 
no alarm. It is only by actually striking against the Earth, 
that they could be the cause of serious or fatal injury to* our 
globe. On the supposition that the mass of the heavenly 
body were comparable to that of the Earth, very serious 
results for our globe might ensue. The axis of the Earth and 
its rotational motion might be altered. In this case the seaa 
would quit their ancient positions, in order to precipitate 
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themselves towards the new equator. A great proportion 
at least of the human race would be destroyed in the deluge, 
or by the shock of the terrible collision. All monuments 
of civilization would be in a moment annihilated. Indeed, it 
is not impossible that such an event has actually taken place 
in a not very remote past. This would explain why the 
oceans have receded from the high mountains, upon which 
they have left incontestable marks of their sojourn. It 
would explain the comparative newness of the moral world 
of rational beings, whose monuments date back but for a 
few thousand years. The human race, reduced by such » 
catastrophe to a small number of individuals, and solely 
occupied for a length of time with the care of its own 
preservation, must have lost entirely the remembrance of 
the sciences and artSi And when the progress of time 
made these wants felt anew, it was necessary to begin again, 
as if man had been newly placed upon the Earth. To obtain, 
however, a truly correct view of the effects of a collision with a 
heavenly body of a supposed mass about equal to that of 
the Earth, we must not ignore the great principle of the “ law 
of the conservation of energy,” by which the kinetic energy 
of a body can be transformed into heat. Thus, knowing the 
weight and velocity of the Earth, we can calculate the exact 
amount of heat that would be generated, were the Earth to 
be suddenly stopped in its coiirse. This heat would be suffi¬ 
cient not only to fuse the entire globe, but to reduce it in 
great part to vapour. This collision between the Earth and 
another body of equal mass and velocity would result in the 
annihilation of all movement of translation, and the Earth 
and body together, fused into cme single-heated mass, would 
fall into the Sun within two months after the catastrophe. 

Observers. 

$taiidard Time of India is adopted in these Memoranda. 

For the month of October 1915. 


Sidereal Time at d p.m. 

H. M. S. 



October 1st 



20 36 68 

' ' ''' ■>' 

. „ 8th 


* * ^ 

... 21 4 34 

^ ' ' 'J 

■ V, ■; . ■ ■ 16th 

• « 1 

ft a * 

- ... 21 32 10 

■ 22kd.. 

f •• 

• ♦'• 

... 21 59 46 

■ ■■ 


•V. 


... 22 27 21 
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I’rom this table the constellations visible in India duril*-® 
the evenings in October can be ascertained by a refereno^ 
to a Star Chart, as the above hours of sidereal time represoTi'® 
the hours of right ascension on the meridian. 

The Moon. 

Phases— 


October 

let at 

3-14 

P.M. 

Last Quarter. 




fp 

9th 

ft 

3-12 

A.M. 

New Moon. 

- 



ft 

15th 

ft 

7-21 

P.M. 

First Quarter. 




f» 

23rd 

ft 

5-45 

A.M. 

Full Moon. 




ft 

Slst 

ft 

10-9 

A.M. 

Last Quarter. 




OoOtTLTATIONS - 







October 

3rd 

at 

7-10 

A.M. 

Mars Between 

90“ N. and 11“ N. 

ft 

12th 

»» 

7-66 

P.M. 

Antares ,, 

17^ 111. 

tt 

48“ S. 

ff 

17th 

fp 

7-37 

A.M. 

Uranus 

69® N. 

ft 

20“ S. 

f» 

25th 

ft 

5-46 

P.M. 

The Pleiewies „ 

90® N. 

tt 

22“ N. 

CONJtTNOTIONS— 







October 

2nd at 

7-63 

A.M. 

with Saturn 

(Planet 3“ 

12' 8.) 

ft 

3rd 

ft 

7-11 

A.M. 

„ Mars 

ft 

0® 

43'8. 

ft 

9ih 

ft 

8-0 

P.M. 

,, Venus 

tt 

6® 

11'N. 


10th 

ft 

6-6 

P.M. 

,, Mercury 

ft 

1® 

40'N. 

• • 

20th 

ft 

7-66 

A.M. 

„ Jupiter 

tt 

4® 

67'8. 

ft 

29th 

ft 

6-10 

P.M. 

,f Saturn 

tt 

2® 

63' 8. 


The Planets. 

Mercury —^is an evening star until the 22nd, -when he will 
be in inferior conjunction with the Sun at 7-30 p.m., and thona 
becomes a morning star. He will be visible during the first 
week of the xhonth, setting, a little more than^ ah hour after 
the Sun. 

Ventis —^now an evening star, sets within an hour after 
sunset throughout the month. 

Mars —a morning star, rises between four and five hovtrs 
before the Sun all through the month. Position on the 15tlx 
R, A. 8'27 Deo. 20° 23' N. in Cancer to the west of Prsesepe. 
On the morning of the 12th, he will be in conjunction witlx 
Neptune. 

Jupiter —^is now high in the heavens before midniglx't. 
Position on the 16th R. A. 23'26 Deo. 6° 20' S. still below 
the Great Square. 

Saturn —a morning star, will be at quadrature with tire 
Sun on the 10th, being then on the meridian at sunrise. RosA** 
tion on the 16th R. A. 7'10 Deo. 21° 63' N. in Gemini. ,' 
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Urdwus .—Position on the 16th R. A. 20‘67 Doc. 17 66 S. 
in Oapricomus. 

Neptv/ne ,—^Position on the 16th R, A. 8*19 Deo. 19** 18* N. in 
Canoer. 

For the month of November 1915. 

Sidereal Time at 8 p.m. 




K. 

M. 

s. 

November 1st 

... 

... 23 

39 

11 

„ Sib ... 


... 2.7 

0 

47 

,, 15^ii ... 

• •• 

... 23 

31 

23 

„ 22nd ... 


... 0 

I 

69 

„ 29 th ... 


... 0 

29 

36 


From this table the constellations visible irt Iiulwi during 
the evenings in November can be ascertained i)y a riifiu'cntfo 
to a Star Chart, as the above hours of sidereal time reprosoiit 
the hours of right ascension on the meridian. 

The Moon. 

Phases— 

November 1t% at 1*22 p.m. Now Moon. 

„ lUh „ 4-33 A.M, First Quarter. 

„ 21si „ 11-6 P.M. Full Moon. 

,, 30th „ 3-40 A.M. Last Quarter. 

OOOTJLTATIONS— 

November 13th at 1-49 p.m. Uranus Botwoon 72® N. and 3® fl, 

„ 27th „ 8-32 A.M, Neptuno 90® N. ,, 33® N, 

OONJTTNOTIONS— 

Novemh&r 6th at 9-46 a.m. with Moroury (l^lfwxot 7® 32' North.) 

„ 8ih „ 4-6 P.M, ,, VonuB ,, 4® 46' „ 

„ J6th ,, 11-26 A.M. „ Jupiter ,, 4® 69' South. 

,, 25th ,, 10-38 P.M, ,, Saturn ,, 2® 41' ,, 

„ 29th „ 6-47 A.M. „ Mars ,, 3® North. 

The Planets. 

Mercury—iB a morning star rising in Virgo about an hour 
before the Sun at the beginning of the month, and in Libra 
less than an hour before on the 30th. He will bo at greatest 
elongation 18® 57' W. on the morning of the 7th, 
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Venus —an evening star, gradually increases her distance 
above the Sun and by the end of the month will set nearly 
an hour and a half after the Sun. 

Mars —a morning star, will be in quadrature with the Sun 
on the 10th, being then on the meridian at about sunrise. 
Position on the 15th R. A. 8'27 Dec. 16° 69' N. in Leo, a little 
to the north-west of Regulus. 

Jupiter —^who has been retrograding since July 19th, will 
be stationary on the 15th and will afterwards resume his 
eastward course. Position on the 16th R. A. 23'20 Deo. 
6 ° 49' S. in Pisces. 

Saturn —a morning star, now rises before midnight. Posi¬ 
tion on the 15th R. A. 7'10 Deo. 21° 66' N. in Gemini. 

Urantis .—^Position on the 16th B. A. 20’68 Deo. 17° 61' S. 
in Capricomus. 

Neptune. —^Position on the 16th B, A. 8'19 Dec. 19° 16' N. 
in Cancer. 
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Notices of the Society. 


Telegraphic Address. 

The address of the Society has been registered at the 
Telegraph Office, Calcutta. Telegrams should be addressed 
" Astronomy,” Calcutta. 


Addresses of Officers. 

Owing to inconvenience which has arisen from addressing 
the officers of the Society at their private address, it has been 
decided to receive communications on the business of the 
Society in future as follows:— 


Money Orders or letters con¬ 
taining money or cheques. 


All other communications ... 


To 

f Rai Bahadur U. L. Banee- 
JEB, Office of the Acoount- 
ant-General, Bengal, Im¬ 
perial Secretariat (Trea- 
. sury) Buildings, Calcutta. 

' ( Name ) L. Dembteius, Esq. 

{Designation) Business Seo- 
retary of the Astronomi¬ 
cal Society of India, 
Imperial Secretariat (Trea- 
\ sury) Buildings, Calcutta. 


It is requested that communications may be addressed 
accordingly. 
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Officers and Council. 


For the Session 1914-15. 


(1) President ... 

(2) Vice-Presidents 


(3) Secretary (Scientific)... 

Do, (Business) ... 

(4) Treasurer 


The Hon’ble Mr, W. A. Lee, 
F.E.M.S. 

(1) H. H. THE Mahaeaj Bana 
Bahadur Sir Bhawani Singh, 
K.C.S.I., F.E.A.S. 

(2) W. J. Simmons, Esq., B,A., 
F.E.A.S. 

(3) J. Evbrshed, Esq., F.E.A.S. 

(4) Col. Lennox Conyngham, E.E., 
F.E.A.S. 

Dr. E. P. Harrison, Ph.D. 

L. Demetrius, Esq. 

Eai Bahadur U. L, Banbrjbb, 
M-A. 


Directors of Sections — 


Director of Classes 

Lunar Section 

Variable Star Section ... 
Meteor Section 
Instrumental Director ... 
Librarian ... 

Editor 

Secretary to the Scientific 
Sub-Committee. 


H. G. Tomkins, Esq., C.I.E., 
F.E.A.S. 

The Eevd. J. Mitchell, M.A., 
F.E.A.S. 

C. V. Eaman, Esq,, M.A. 

P. C. Bose, Esq. 

S. WooDBousB, Esq. 

C. V. Eaman, Esq., M.A. 

C. T. Letton, Esq. 

P. C. Bose, Esq. 


Other Members of the Council. 

J. C. Butt, Esq., M.A., B.L, 

S.C. Ghosh, Esq., M.A. 

F. W. Howse, Esq. 

Haridas Das, Esq., B.E. 

The Hon. Me. P. C. Lyon, C.S.I., I.C.S. 
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POPULAR LECTURES. 


The Life History of a World 

By The Hon’ble.Mr. W. A. Lee, F.R.M.S. 

The history of the Earth has always been a favourite subject 
of speculation and inquiry. Ever since mankind began to 
take an intelligent interest in the causes of phenomena there 
has been the desire to investigate the past history of our 
planet, and in ancient times these speculations generally 
took the forra of more or less fantastic imaginings built upon 
assumptions and theories, and with little or no basis of actual 
fact. 

Later, when observations multiplied exceedingly and were 
compared together, the conclusions arrived at'became more 
and more sure, until to-day we are able to present such ah 
array of facts as justify us in holding clearly defined opinions 
regarding much of the past life of the Earth, 

Applying to the other planets the knowledge we havfe 
gained of our own world, we are assisted in the interpretatioh 
of many phenomena, and when we carry the analogy of the 
solar system into the other parts of the visible universe we 
are enabled to understand much that would' otherwise hav^ 
no meaning. » 
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At the outset of our investigation we are oppressed by 
our limitations. The world remains very much the same sort 
of world during the lifetime of a man, there has indeed been 
little or no change in the Earth since the commencement of 
recorded history, and a man might well imagine the world 
to be permanent and immutable. 

Consider for a moment how the world would look to a 
mosquito, or, better still, to one of the day flies, those curious 
creatures which only live for a few hours, and eat no food, 
having no mouth. Such a fly would see flowers, trees, grass, 
but would see neither change nor growth, and if it could judge 
only by what it could see it would be justified in believing 
that the leaves of the tree and the petals of the flower had 
existed always and would last for ever. It would seem to 
such a fly that to speak of the growth of a tree or of a flower 
would be almost a verbal absurdity. The lifetime of a day 
fly is all too short to judge of growths that require weeks or 
months or years to become manifest. 

Just in the same way the life of a man is too short to observe 
changes in the Earth’s condition, even the lifetime of the 
human race only covers the later stages of the life of the world, 
and carries us back but a little way in its life history. 

In fact, we are dependent not so much on what we (‘an see 
as on the inferences and deductions and calculations we are 
able to inake, in order to arrive at any clear knowledge of the 
past history of the world and of the solar system, or of a stellar 
system, 

' When we inquire into the history of the world tl\o first 
change we discover was in comparatively recent times, about 
100,000 years ago. At that time the climate of northern 
Europe, including the British Isles, was positively Arctic^ 
Most of Europe was buried under a thick coat of ice, which 
persisted all the year round. When geologists found evidence 
of great masses of ice in Great Britain and other parts of Europe 
they called the period in which this arctic climate existed 
the glacial epoch, and the cause of the glacial epoch gave 
rise to much speculation until it was discovered that there 
is an astronomical explanation. 

The Earth revolves round the Sun, as you know, in an orbit, 
that is nearly a circle. It is not quite a circle, but is an 
elhpse, a circle a bit drawn out in one direction. If the Earth’s 
orbit were a circle the Sun would be in the middle of it, but 
being an ellipse the Sun is not in the middle but in a focus 
of the ellipse. So that as the Earth’s orbit is an ellipse, and 
the Sun is in one focus of the ellipse, the Earth, as it revolves 
round the Sun in its orbit, is a little nearer the Sun as it passes 


Nos. 10, 11 & 12] THE LIFE HISTORY OF A WORLD 


99 


round the focus of the ellipse and is a little further from the 
Sun as.it passes round the further portion of the orbit. At 
present the Earth is nearest the Sun when it is winter and 
furthest when it is summer, in the northern hemisphere. 
That means that the Earth is passing round the furthest and 
longest part of its orbit in the summer, giving a long mild 
summer, and that the shorter and nearer part of the orbit is 
traversed in winter, giving a short and warm winter. 

In the southern hemisphere the conditions are reversed, 
and the winter is long and cold and the summer is short and 
warm. It is not so much the warmth of the months when the 
Earth is nearest the Sun that has the greatest effect on the 
climate, but the season which is longest, and in the southern 
hemisphere the summer, being short, although it is warm, 
is not long enough to counteract the cooling of the long cold 
winter, and consequently the antarctic regions are cooler 
than the arctic, and the antarctic ice is of greater extent 
than the arctic. 

Now just imagine what would be the result of an exagger¬ 
ation of these differences of climate. Suppose that the Earth’s 
orbit, instead of being almost a circle, was really a much 
more pronounced ellipse, a good deal more drawn out in one 
direction, say four times as much. This would have the effect 
of making the long antarctic winter very much longer, and 
the summer much shorter, while in the arctic regions the 
summer would be much longer and the winter would be 
shorter. It is clear that under these circumstances the ant¬ 
arctic ice would increase very greatly, and would probably 
extend into South America and Africa, while the arctic ice 
would melt away. 

We have already imagined that the Earth’s orbit is, so to 
speak, more elliptical; now please imagine that the direction 
of the Earth’s axis swings slowly round the pole of the orbit, 
that the Earth reels as it rotates, so that the Earth may be 
furthest from the Sun when it is winter in the northern 
hemisphere. Then we should have a long cold winter in the 
northern hemisphere with a short warm summer, and instead 
of a great increase of antarctic ice the antarctic ice would 
melt and dwindle away and the arctic ice would increase and 
extend. The cold in these long winters would be so intense 
that the ice would not be melted in summer, and almost the 
whole of Europe and the whole of northern Asia would be 
.gradually covered with a.thick sheet of ice. We should, 
indeed, have a glacial epoch, so that if the conditions I have 
. asked you to imagine could ever have come to pass there 
must have resulted a glacial epoch. 



<100 


ASTRONOMICAL SOCIETY OE INDIA 


[VoL. 


' Now the eccentricity of the “Earth’s orbit is hot always 
the same, it varies, and 200,000 years ago it actually was four 
times as much as it is now, so that 200,000 years ago there 
must have been a glacial epoch. Moreover, owing to the way 
in which the attraction of the Sun and the Moon acts upon the 
equatorial bulge of the Earth, the Earth’s axis is continually 
changing in direction, and its direction changes in such a 
way as to bring each of the seasons in turn to that part of the 
orbit which is nearest to the Sun, the whole circuit taking 
over 20,000 years. The effect of this is that whereas now the 
southern hemisphere has a long cold winter, 10,000 years 
ago the conditions were reversed and the northern hemi¬ 
sphere had the long winter. So, you see, when there was a 
glacial epoch the glacial condition oscillated from the southern 
teethe northern hemisphere and back again to the southern 
hemisphere, and so on, each oscillation taking about 10,000 
years. During a glacial epoch the arctic ice would gradually, 
for 10,000 years, extend southward over Europe till it reached 
a maximum, and then gradually recede, for another 10,000 
years, while the antarctic ice is extending, and then again 
the arctic ice extends. In one glacial epoch there may be 
imore than one such oscillation, giving an alternation of an 
iarctio climate with a mild or warm climate, each lasting rough¬ 
ly' 10,000 years, including the period of transition. The 
jlast glacial epoch extended more or less continuously for about 
i 130,000 years, and terminated less than 100,000 years ago. 

' The visible rocks upon the Earth’s surface are, broadly, 
'of t\^o kinds, those that are sedimentary, formed by the 
'consolidation of deposits thrown down in shallow seas and 
‘^6ther shallow waters, and those that were formed with the 
help of the action of fire. The deposits which have become 

• the sedimentary rooks must of course have been formed 
..exceedingly slowly, and as their total thickness is many 
. thousands of feet the time during which these rocks were being 

• formed can only be estimated in millions of years, and saw 
,many changes in the Earth. 

’ The sedimentary rocks often bear evidence of movement 

• since their formation ; sometimes the strata, instead of being 
horizontal, are tilted up to a more or less steep slant, some- 
= times they are sheared off by one part having slipped down 
‘ or having been upheaved, and sometimes the strata are split 

• or crumpled into folds. This folding or crumpling or splitting 
of the Earth’s crii^t is responsible for most of the great rnouii- 

• tain ranges, -sufelf ‘as the“ Andes, 'the Rocky Mountains, thC 
Alps, and- the Himalaya.' It is probable that the Pacific 
Ocean’was formed "at the same timC as the Andos, and the 
land to the west of South America disappeared then. ' ■ 
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The lines of the great earthfolds, along which mountain 
ranges have been formed, perhaps I should say are still being 
formed, may be easily discerned. You see the line of folds 
running more or less continuously from the Pyrenees to the 
Himalaya and down through Burma and Sumatra, and another 
running round the Pacific, on the eastern side of the Pacific 
giving rise to the mountain chains and on the western side 
passing through Japan, and a succession of islands to New 
Zealand. 

Geologists divide up the whole time in which the sedimen¬ 
tary rooks have been deposited into periods, which are distin¬ 
guished from each other by the character of the rocks deposited 
in each and the fossils they contain. Geologists are not 
agreed as to the precise length of time that any of these periods 
occupied, the only thing that appears certain is that they were 
very long, many of them, perhaps all of them, millions of 
years. For convenience these geological periods are grouped 
into three eras, called, beginning with the oldest, the 
Palaeozoic, the Mesozoic, and the Kainozoic. 

In the most recent of these three eras, the Kainozoic, there 
have been many changes in the arrangement of land and water. 
It has seen the linking of Europe and Asia, the separation of 
America from the arctic land, and of Great Britain from the 
continent of Europe, the raising of the Andes, and the dis¬ 
appearance into the Pacific of the high land which was to the 
west of South America. In the middle of the Kainozoic 
er£b there was an outbreak of volcanic activity accompanied 
by Earth movements which involved much change in the 
land and sea areas, before this there was a quiet interval, 
and at the beginning of the era we find another outburst of 
volcanic energy. 

The previous era, the Mesozoic, was marked by quiet, 
during which the Earth movements were slow and compara¬ 
tively slight. 

Then we come to the Palaeozoic era, and here we find the 
changes were so considerable that we must look at them a 
little more in detail. Near the end of the Palaeozoic era was 
the carboniferous period, in which the coal measures of the 
world were formed, and towards the end of the carboniferous 
period there was an outbreak of volcanic activity, and violent 
Earth movements that did untold damage to the world’s 
store of coal, especially in India. Coal having been formed 
over enormous areas, the Earth movements split, tore, crushed 
and sheared in all directions the strata containing coal. ■ In 
some places portions of the strata were lifted, and adjacent 
portions sunk, so that the displacement of the strata is as 
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much as many hundreds of feet, and the shearing of the strata 
is visible now as what geologists call a fault, where the strata 
have moved and there is a vertical split, so that across the 
split the strata are not continuous. Not content with raising 
large parts of the coal strata high into the air where tho 
weather has gradually denuded and washed away all traces of 
coal, laying bare the underlying rocks, there was at the same 
time much volcanic activity which forced molten rock into 
the strata of coal, burning up and destroying a very largo 
quantity. 

We have endeavoured to reconstruct the outlines of tlie 
land in each period by a study of the arrangement of the plants 
and animals as shown by their' fossil remains, but it is like 
reading a book of which many pages are missing, but more 
and more of Nature's manuscript is being discovered and 
deciphered every day, and the new facts are being sorttid into 
their places hke missing parts of a zig-zag puzzle. 

In the carboniferous period the northern flora indicate a 
continent which connected Europe and America, and another 
which connected India, Australia, South Africa and Brazil. 

The period before the carboniferous, tho Devonian, was a 
period of great volcanic activity. There were active vcdcanoes 
in many parts of the world which are not recognised a.s 
actively volcanic now, such as tho British Isles. 

Before the Devonian there was a qiiiet period, the Silurian, 
in which the Earth movements were slow. A map of North 
America in Silurian times has been prepared by Mr. Bailey 
Willis. It shows North America as a series of islands, not 
recognisable as his native land by an American citizen of 
to-day. 

The period before the Silurian, the Ordovician, was a period 
marked by extremely active volcanoes and great Earth move¬ 
ments, and a map of the world in the Ordovician period 
would show a curious reversal of land and water ; indeiMl , it is 
remarkable that whenever we find a continent to have been 
submerged we find some evidence suggesting that on tho 
opposite point of the Earth’s surface a sea has become drv 
land. ^ 

Now we come to the earliest period in which the sodimentary 
rocks contain fossil remains of plants and animals, tho Oami- 
brian period. This was a period of comparative volcanic 
calm though there were plenty of volcanoes in this period. 

An attempt to reconstruct the arrangement of land and 
water in Cambrian times by making a map of that period 
wotdd show that the southern countries of South America ’ 
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Chili, the Argentine, Uruguay, etc., were under water. The 
British Isles were apparently joined to Norway and perhaps 
also to Greenland and Canada, while India, most of Europe 
and Eastern Asia, most of Africa, and Australia were connected 
together, and there was a Pacific continent, whose limits we 
of course do not know. 

In maps of the world of all these periods India is shown as 
dry land. India is indeed one of the oldest countries in the 
world. As far as we know, peninsular India, that is the 
southern portion of India, is one of the few parts of the Earth’s 
surface that has never been submerged under the ocean 
during the ages covered by the geological record ; compared 
with it the whole of northern and middle India, including 
the Palseozoic coal measures may be called young, and even 
the great mountains on our northern frontier are of but yester¬ 
day, Are they not, indeed, stiU growing 1 

Beyond the Palseozoic era we come to the very interesting 
Eozoic era during which life first appeared on the Earth and 
only the most primitive forms of life existed. This era may 
have been very long, even as long or longer than any of the 
three which I have roughly sketched, but the geological 
record is meagre. But we know that in the latter part of this 
era there was little volcanic action, though at an earlier stage 
volcanoes were numerous and violent. 

There is proof that in several of the geological periods there 
'was ice in many parts of the world where now there is none, 
proving that those parts had a colder climate in some past 
ages than they have now. Even as far back as the Cambrian 
period, the earliest in the Palseozoic era, there are evidences 
of ice in, for example, Australia, This might lead one to 
suppose that the world ’s warmer now than in the Cambrian 
period. I described to you at some length the causes which 
operate to produce an ice age, and there can be no doubt that 
whenever in the Cambrian period the Earth’s eccentricity was 
sufficiently large, there must have been a glacial epoch, and 
ice in Australia then is exactly what one would expect. But 
the ice age in the southern hemisphere, or indeed anywhere 
in the world, would not continue throughout the Cambrian 
period. 

No conclusion regarding the average climate of the world 
in the Cambrian period can therefore be based upon finding 
traces of ice having been present at that time, the recurring 
glacial epochs fuUy account for all such manifestations and 
the world may have been on the whole appreciably hotter than 
how, in spite bf ice having scratched the rocks in Austra.Ua. 
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Having got so far it will be interesting to review the facts 
recorded. We have seen that throughout the geological 
ages daring which the stratified rocks were formed volcanic 
activity and quiescence alternated, and Earth movements 
of various degrees of slowness interchanged the areas of land 
and sea in most parts of the globe, and tilted, folded and crum¬ 
pled the strata in very many places, and we look for some 
explanation. To find this we must look a long way below 
the surface of the Earth, and here again we are at a serious 
disadvantage. Our deepest mine is only a depth of something 
like one mile from the surface, only one four-thousandth part 
of the way to the centre, I am afraid these figures do ribt 
convey a very clear idea. A four-thousandth part of course 
means a very little, but how little ? Let me illustrate. Ima¬ 
gine a globe eight feet in diameter, the size of an ordinary 
projected picture on the screen, on the same scale the thick¬ 
ness of a finger nail would represent a mile. 

But although the depth to which we have penetrated is as 
nothing in comparison with the size of the Earth, yet we have 
learned some very valuable and suggestive lessons. In the 
first place, the temperature increases as we go down. Tho 
rate of increase is difficult to measure, and is said not to be 
exactly the same in every place, but if we say that the tem¬ 
perature increases everywhere at the rate of between 80 and 
90 degrees for a mile of depth we shall state the facts with all 
needful accuracy. 

We do not know whether the temperature goes on increasing 
indefinitely at the same rate. For instance, is the temperature 
at a depth of 20 miles 1,600°, at 50 miles 4,000°, and so on ? 
The temperature probably does not increase continuously 
towards the centre of the Earth, but at what depth does the 
increase of temperature cease and what is the temperature 
of the central part of the Earth ? 

These are questions we cannot answer, but we have no doubt 
it is very hot. Perhaps only as hot as a steel-making furnace, 
perhaps as hot as the electric arc, perhaps even hotter. 

Whatever be the temperature of the interior of the Earth it 
is clear that as it is hotter than the surface the internal heat 
must be continually conducted through to the cooler surface, 
and radiated away into space. The Earth is therefore cooling 
down. As the Earth is cooling it must be contracting, all 
substances, even rooks, contract as they cool. If the Earth 
is contracting it must be,, sensibly smaller than it was many 
millions of years ago, and this would fully account for crumpp 
lings and foldings of the Earth’s rocky crust, as it endeavoure(^ 
to adjust itself to the. reducing, circumference. This would 
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also account for those Earth movements which have alter¬ 
nately raised land and again submerged it below the surface 
of the ocean. As the Earth contracted the crust would be 
subjected to strains of compression, and as soon as these 
strains increased beyond what the materials could stand, a 
part would slip or crumple, or a large area would be depressed. 
It must be remembered that such depressions or crumplings 
of the Earth’s surface only refer to a thin film, as it were on the 
surface. Coming back for a moment to our imaginary globe, 
10 feet in diameter, the average height of a continent would 
not amount to as much as a coat of paint. The height of the 
highest mountain does not amount to as much as of an inch, 
while another J of an inch would repiesent the depth of the 
deepest ocean. Consequently all the Earth movements we 
are able to see are contained in a crust measuring an 
average of less than of an inch in thickness on our 10 feet 
globe. There is no difficulty, therefore, in assuming all the 
upheavals and depressions in the Eai^th’s surface to be due to 
deformation of the crust caused by contraction as the Earth 
gradually cools. 

Some liglit is thrown upon the interior of the Earth by several 
lines of investigation. In the first place we know that the 
weight of the Earth is between 5 and 6 times as much as the 
weight of a globe of the same size would be. We know also 
that the weight of the rooks on the surface is about times 
the weight of water. So that the Earth is more than twice 
as heavy as it consisted only of rocks like those on the surface. 

The radio-activity of the surface of the Earth is such as 
to suggest that the layer of radio-active minerals is 45 miles 
thick, and that the whole globe of the Earth, except the outer 
layer 45 miles thick, is composed of some other materials 
not radio-active. Iron is a mineral of which there is a great 
deal in the solar system, it is not radio-active, and a large 
central core consisting largely of iron would seem to meet 
all these requirements. 

Much may be learned also regarding the Earth by a study 
of earthquakes. An earthquake sends out vibrations all 
around. One set of these vibrations passes along the surface 
of the ground. These are undulations just like waves of the 
sea or ripples on a pond. But at a considerable distance 
from the centre of the earthquake the vertical movement is 
lost and the only movement is horizontal. Suppose that an 
earthquake occurs at this point, the vibration waves pass 
round the surface in this direction and they also travel through 
the substance of the Earth in all directions, so an observer 
stationed at this point marked C would be able to record two 



lOG 


ASXEONOMICAIi SOCIETY INDIA 


[VOL, V 


sets of vibrations, one set arriving to him through the sub¬ 
stance of the Earth and the other set arriving around the 
surface: the direct line through the Earth being so much 
shorter these vibrations arrive earlier. Moreover these vi¬ 
brations travel more quickly than those on the surface ; this 
proves that the Earth is more and more sohd the deeper we go,, 
because vibrations are transmitted more rapidly in more 
rigid material- Professor Milne, the seismologist, thinks 
that the Earth has a rocky crust about 40 miles thick and that 
below that depth there is harder material. If an earthquake 
occurs at a given point the vibration would travel to a 
point on the Earth 30 degrees away at a speed of 5 miles 
per second, 70 degrees away at 5| miles per second and 
right across to the opposite side 5| miles per second, showing 
that the rigidity of the materials of the globe increases 
towards the centre. It is interesting to enquire how far the 
known materials that we find on the Earth’s surface will 
account for the speed at which earthquake vibrations pass 
through the Earth. The most complete investigations of the 
rigidity of rocks are those which have been made in Japan, 
and these show that the elasticity and rigidity of some kinds 
of Eozoio rocks would account for a wave speed of If 
miles per second, some of the Palaeozoic rooks 2| to miles 
per second, and some of the oldest Archaen rocks over 4 miles 
per second, so that it is clear that the oldest of the igneous 
rocks are more solid, so to speak, more rigid than the geologi¬ 
cally newer rocks, but that even these igneous rocks, which form 
the foundation of the Earth’s crust, are not sufficiently solid 
to account for the speeds at which vibrations are conveyed 
through the interior of the Earth. There is another series 
of vibrations set up by earthquakes. The vibrations which 
we have just been considering are waves of compression, but 
there are also waves of distortion, which tend to twist the 
substance through which they are propagated. Waves of 
distortion travel at a slower speed than waves of compression 
and they are differently affected, they move more slowly 
through a more solid substance, and it is found that waves of 
distortion while they travel at approximately the same speed 
through the substance of the Earth in all directions as long as 
they do not reach the centre, they are retarded if they pass 
right through the middle. The paths of the vibrations are 
curved which is perhaps the manner in which vibrations 
travel through the Earth going deeper than the straight path 
because of the different rigidity at greater depths. I have 
referred several times to the crust of the Earth, but X do not 
wish it to be supposed that below the crust there is anything 
like a fluid interior. The interior of the Earth may be very hot, 
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wiay in fact be as hot. as molten metal and it may act in many 
respects as though the material were fluid, and it may flow, 
but such effects are due merely to the enormous weight of 
the strata above. The weight is so great that at a sufficient 
depth any metal would flow like a liquid. The Earth is in 
fact as rigid as a ball of iron, but iron itself is plastic even 
under the comparatively high pressure to which we can sub¬ 
ject it, which are as nothing to the pressures for in the interior 
of the Earth, Even under the 40-mile crust of the rocks we 
find on the surface the pressure is more than 100 tons on 
every square inch, a pressure under which a somewhat brittle 
rock like marble becomes quite plastic, and this depth is only 
represented by tlie width of one’s finger on a 10 feet globe. 
Earthquakes originate at comparatively small depths below 
the surface, probably none more than about 20 miles depth, 
at which the Assam Earthquake of 1897 has been supposed 
to have been originated. 

This earthquake, by the vray, was the greatest earthquake 
that has been recorded in history, that is to say, it was felt 
as a great earth qLuake over a larger area than any other has 
been, which indicates that it had an unusually deep origin. 
The Charleston Earthquake of 188C originated at a depth of 
about 12 miles. The earthquakes which have been seriously 
felt over a considerable area have been what has been called 
earthquakes of dislocation, readjustments of the crust of the 
Earth which has become strained in some way, generally by 
shrinkage, until it is no longer able to resist tiie strain and a 
more or less sudden adjustment is made involving enormous 
masses of rock whose sudden movement sets up vibration in 
the Earth which are transmitted tlirough the whole globe, 
l^requently distances that have actually been measured 
have been found shorter alitor an earthquake, showing that the 
Earth has actually contracted, so that the strata have been 
crumpled to the extent that the distance between two points 
on the surface has become less. 

As the Earth is cooling and contracting there must have 
been a past age when it was very much hotter, and if the 
cooling has been continuous we have only to imagine a period 
sulFiciontly far back to arrive at a stage when the Earth was 
a molten globe, still further back it must have been very 
largely vapour, and still further back we can imagine the Earth 
expanded to a globe of vapour reaching out to the Moon, 
which at once leads us to enquire where the Moon was then. 
It was Professor George Darwin who first investigated mathe¬ 
matically the history of the connection between the Earth 
and the Moon. Prom consideration of the tides raised upon 
the I&rtb by the action of the Moon he was able to show, 
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and indeed it appeared to be quite clear when once he had 
pointed it out, that the action of the tides upon the Earth is 
such as to cause by their friction a gradual retardation of the 
Earth’s rotation, so that the Earth is rotating more and more 
slowly than it used to. While the tides are retarding the 
Earth’s rotation, they are also retarding the Moon’s revolution 
round the Earth. This seems a very curious proposition, 
but the method of its action is this : The Moon’s attraction 
raises the tide upon the Earth, and the rotation of the Eaith 
carries that tide, the raised tidal wave, away from the point 
which is just opposite the Moon, so that the tide upon the Earth 
is always behind the point where the Moon is straight over¬ 
head and the tidal wave raised upon the Earth also of course 
attracts the Moon, and as the position of the tidal wave on 
the Earth is always well behind, its attraction on the Moon 
is not in the same line as the attraction of the solid body of 
the Earth, but is tending to pull the Moon back and retard 
its motion of revolutim. By its retardation of the Moon’s 
motion in its orbit, it is compelling the Moon to recede farther 
from the Earth, so that the orbit of the Moon is increasing in 
size owing to the action of the tides on the Earth. 

We, therefore, see that in past ages the Moon was nearer the 
Earth than it is now, and when the Moon was nearer the tides 
it raised on the Earth were of course greater and had greater 
effect both in retarding the Earth’s rotation and in retarding 
the Moon’s motion in its orbit. Pursuing this line of argument, 
there must have been a previous time when the Moon was 
touching the Earth, was indeed part of the Earth. Precisely 
how it came to separate, it is more than difficult to say, but 
that it did in some way separate off from the Earth when the 
Earth was very young, appears as far as we know now to be 
fairly certain. We have now carried back the history of the 
Earth to a time when it was molten, perhaps largely vapour, 
and to a time when the Moon and the Earth were one body, 
before the Moon’s mass separated off from its parent mass, and 
it will be interesting to see whether we can find in any other 
parts of the solar system or in the depths of space indications 
of similar processes having gone on elsewhere. 

The planet which is nearest in size to the Earth is Mars. 
Mars is mucli smaller than the Earth, not very much more than 
half the diameter, and it travels round the Sun in an orbit 
which is half as large as that of the Earth. As Mars is on the 
side farther from the Sun when it is nearest to the Earth it is 
well illuminated and well placed for observation in this posi¬ 
tion. The most distinctive feature in photographs of Mars 
is the little spot on the visible pole which looks like polar ice. 
There are some very clearly visible markings which appear 
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■on many photographs as a blurry equatorial belt. Observers 
have at first often expected to see Mars more like the charts 
which have been published, and which are the result not of 
one observation but of several, and show some of the well- 
known “tjanals,” as they have been called, in Mars, lines 
generally fairly straight, joining dark points, many of which 
would otherwise be isolated. Expectations of this kind are 
not realised, but the permanent markings on Mars are generally 
so hidden.by white masses which are thought to be clouds 
that one may look for them again and again without seeing 
them. On account of the uncertainty of whether in looking 
at any point on Mars you may be looking at a cloud or at the 
real surface or perhaps at an area where tlierc is a slight fog 
sufficient to obscure all but the nio.st strongly marked and 
salient features, doubt has been expressed a.s to whether the 
canals have any real existence, as to whether they may not 
be optical illusions induced'by long storing at the various 
points on the surface, and some very curious and interesting 
experiments have been made by gazing at unconnected points, 
to see whether the eye could trace lines apparently connecting 
such points. A series of experiments of this kind were des¬ 
cribed by Mr. Lane some years ago in which he used a drawing 
approximately like the principal dark shadings on Mars, 
but omitting all the fine lines. It was drawn 3^ inches dia¬ 
meter and placed at 20 feet from the person to whom it was 
shown, in a not very good light. It was shown to several 
people successively at this distance under this illumination, 
and tlrey were asked to draw it on paper, and what they 
produced were very remarkable. They drew imaginary lines 
connecting the points on the shaded portions. They were 
not told to draw particvxlar lines, but they were asked to parti¬ 
cularly notice the differences in shade, and in the shapes of 
the points. One of them produced a drawing in which wore 
a complicated series of lines, some parallel. The 6th person 
to whom the drawing was submitted drew no lines at all. 
Two of the four were school boys who knew nothing of Mars 
or its markings. These experiments may perhaps throw some 
light on the minutest details which are said to have been seen, 
or on the other hand these markings perhaps really are there 
on the surface of Mars. It is at any rate clear that if the dark 
areas on Mars represent water the shapes of the continents 
and seas on Mars are greatly different to those upon the 
Earth, the greater part being land and not water. Mars has 
atmosphere even as we have, and its atmosphere frequently 
contains cloudy masses which obscure our view of the 
surface of the planet just as cloudy masses in the Earth’s 
atmosphere would obscure the view of the Earth’s surface 
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from another planet, and there are polar caps of something 
white which looks like ice, and which vary from summer to 
winter just as polar ice would be expected to do. If Mars 
has lived through a hot stage as the Earth has, it is now in 
an older condition than the Earth. It is becoming in fact 
somewhat elderly. If we assume that Mars really did pass 
through similar hot stages that we find the Earth has 
apparently passed through, and compare Mars and the Earth 
at the same corresponding age, that is in the same condition, 
we should find that the Earth wo aid retain its heat much 
longer than Mars. The mass of the Earth, that is what 
we may call the weight of the Earth if we had suitable 
scales to weigh both Mars and the Earth, the mass of the 
Earth is 9 times as great as that of Mars, and therefore under 
similar conditions of heating the Earth would have 9 times 
as much heat to part with, but surfaces which are cooling 
only part with their heat in proportion to their area, 
and the two globes would lose heat in proportion to their 
surfaces, so although the Earth would have 9 times as much 
heat it would only part with 3| times as much heat in any 
given period, so that the heat in the Earth would laSt longe]’ 
than the heat in Mars in the proportion of 9 to Mars 
would, therefore cool and grow older nearly 3 times as fast as 
the Earth, and if they were formed at the same time Mars 
would, eventually, cool so as to be in a different condition to 
the Earth, and to present features which would indicate a 
greater age. 

After Mars let us examine the largest of the planets, the 
great planet Jupiter. In size Jupiter is a contrast to Mars. 
There are two well-defined features which are easily seen, 
one is the darker equatorial bulge and the other is the polar 
compression caused by the rapidity with which Jupiter rotates. 
Although he is so large, more than 10 times the diameter of 
the Earth, his period of rotation is only 10 hours, consequently 
the equatorial bulge and polar compression are very marked. 
The lighter markings on Jupiter are no doubt clouds, and the 
darker markings are rifts through which we see down towards 
the surface of the planet. Jupiter’s atmosphere is very deep, 
so deep and so continually full of cloud that it is more than 
doubtful whether we have ever seen the real surface of the 
planet. We see these cloudy shapes changing more or less 
slowly or rapidly, but the surface of Jupiter far below is 
out of our sight, and we do not know what the real diameter 
of the solid globe may be ; we cannot even guess. If the 
constitution of Jupiter’s atmosphere is anything like that 
of the Earth and under similar conditions, it is not difficult 
to judge of the depth of the atmosphere. For the purpose 
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of comparison with Jupiter we will take the depth of the 
Earth’s atmosphere in which clouds are formed, similar in 
appearance to those of Jupiter, to be 7 miles. The upper 
surface of such a cloud layer in the Earth’s atmosphere would 
be at about a quarter the atmospheric pressure at the Earth’s 
surface. Now if Jupiter’s atmosphere is like the Earth’s 
atmosphere the upper surface of his cloud layer is at the same 
atmospheric pressure, Jupiter is so large and his total weight 
is so enormous that the force of gravity is 2| times as great 
upon Jupiter as upon the Earth, and it is easy to calculate 
what the pressure must be on Jupiter at any given depth 
below the upper surface of the cloud layer. If the cloud 
layer is 13 miles in depth, the pressure on the surface of Jupiter 
would be over 5^ tons per square inch and the atmosphere 
would be so compressed that it would be as heavy as water 
and would be liquified. We know that the atmosphere of 
Jupiter is not only 13 miles in depth, but at least a hundred 
miles and perhaps several times as much. Stars have been 
seen through the edge of the cloud layer as Jupiter has passed 
in front of them, and although it is difficult to say through 
what depth of atmosphere such stars have been seen it is at 
least certain that the depth was many miles. Of course this is 
a rare phenomenon, because generally the cloud masses are so 
dense that nothing can be seen through them, but the ob¬ 
servation has been made sufficiently often to place it beyond 
doubt. We are, therefore, faced by this dilemma that the 
atmosphere is of very great depth, but if it has an atmosphere 
like that of the Earth the pressures are such as would render 
most of it liquid. 

The whole of the great globe of Jupiter is very much lighter, 
size for size, than the Earth,indeed it is only about 1| times the 
weight of a similar volume of water. If the materials of which 
Jupiter is composed are at all similar to any of those which are 
found upon the surface of the Earth, Jupiter would be nearly 
twice as heavy as he actually is, so that we are obliged to assume 
either that the materials which form Jupiter’s globe are 
altogether different to the substances of which the smaller 
planets are composed, or that they exist in Jupiter under very 
different conditions. In the present state of our knowledge 
it would be a venturesome, one might also say a wild, assump¬ 
tion, to assume that Jupiter is composed of substances 
greatly different to those found elsewhere in the solar system, 
and consequently we are more or less compelled to fall back 
upon the only remaining possibility, namely, that the globe 
of Jupiter is in some different condition which makes it and 
its atmosphere both lighter than the conditions obtaining on 
the Earth would oblige us to expect. We have only to suppose 
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that Jupiter is in a highly heated condition in order to be able 
to explain the diflEerences which are apparent between that 
planet and the Earth, and heat is quite enough to account 
for the smallness of Jupiter’s density, and we are therefore 
unable to avoid the conclusion that Jupiter is extremely hot, 

A very prominent feature on Jupiter is the marking which 
has been called the Great Eed Spot, and which has persisted 
for many years. It is generally explained as an area from 
which in some way clouds were removed, and we could see 
down through the cloud layer to, or near to, the surface of 
the planet. Exactly what kind of disturbance can have had 
the effect of clearing Jupiter’s atmosphere of cloud over such 
a large area, and of keeping it clear to such an extent, we 
have no means even of guessing, but it must have been of the 
most stupendous character. If we suppose Jupiter and the 
Earth to have both been at the same extremely hot tempera¬ 
ture in some past age, we should find that Jupiter would 
remain hot far longer than the Earth, because his mass is 315 
times that of the Earth and he would therefore obtain 315 
times as much heat, while his surface area is only 114 times as 
great as that of the Earth’s surface. So that the heat of Jupi¬ 
ter would last about 3 times as long, and the Earth would 
cool down 3 times as quickly as Jupiter, so that after the 
lapse of a certain length of time the Earth would present the 
appearance of being older than Jupiter, and it is clear from 
what we have found of the hot condition in which Jupiter 
exists to-day, that Jupiter, whatever his real ago may be, 
is in a more youthful state than the Earth. 

Saturn is the second largest planet in the solar system, it 
travels round the Sun in an orbit nearly 10 times the diameter 
of the Earth’s orbit and takes nearly 30 years to make 
a revolution. Its diameter is about 9 times the Earth’s 
diameter. The conclusions to which we were obliged to come 
respecting the constitution of Jupiter, apply also similarly 
to Saturn, and Saturn is therefore an extremely hot planet. 
The rings of Saturn present a phenomenon quite different to 
anything appearing in connection with all the other planets p 
It is not necessary for us to go into details as to their constitu¬ 
tion, but we may note that Saturn rings could not exist if 
they were solid, they are subjected to such disturbing forces 
that they would be broken up even if they consisted of a 
tenacious metal such as iron or steel. It is, therefore, believed 
that they consist of a flight of small bodies, solid or liquid, or 
both, travelling together as a cloud in the shape of a thin ring 
revolving round the planet. The outer planets, Uranus and 
Neptune, are somewhat similar to each other in size and 
smallness of density, each planet being rather more than four 
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times the diameter of the Earth. Their lightness indicates 
that they also must be hot. 

We have seen how the smaller a planet is the more rapidly 
it must cool, and this is a matter that depends upon the pro¬ 
portion between the surface of a sphere and its volume, and 
therefore when we examine the smallest astronomical body 
available to us we should expect to see evidences of old age. 

We will consider now the heavenly body which is best 
placed for observatipn, being nearest to us, the Moon, 
Illumination at Full Moon is so direct, with such absence of 
shadow, that details are not easily seen. A picture of the 
Moon a little before it is full shows the difference which the 
angle of illumination makes at the edge, where the hollows 
and raised portions are so much more clearly defined. You 
see the darkness of one area, which is called a sea, not 
because it is really water, but for want, of any' better and 
more descriptive term. With oblique illumination it is seen 
that even this dark space is covered with craters and 
craterlets and walled plains. Craters of extinct volcanoes 
are among the most conspicuous objects on the Moon’s 
surface. The diameter of one is over 50 miles and the depth 
inside the crater is some 17,000 feet. Another is nearly 60 
miles ill diameter and is some 12,000 feet deep inside. If 
they are, viewed under a small angle of illumination, we can 
well understand their real shape, and the shadow under one 
edge of the crater indicates the depth. If you see the crater 
just at sunrise as it wer6, the Sun’s ray strikes on the very 
middle of the prater and perhaps lights up a central hill, in 
one case really a mountain a couple of thousand foot 
high. The fact that there is no twilight on the Moon, but 
that there is an absolutely sharp distinction between the full 
blaiae of sunlight and the complete darkness of night, shows 
that there is no atmosphere, whicii is also separately 
.proved by observation of stars across which the Moon travels 
in the sky. The Moon is therefore cold and dead, with the 
exception of such heat as is received from the Sun during its 
long disty of a, fortnight, which heat it parts with in its 
long night of two weeks’ duration. 

Lot us turn to the. Sun, the ruler of the solar system. 
Here we meet with all the features we found when examining 
Jupiter but very greatly exaggerated. The Suii is as much 
larger than Jupiter as Jupiter is larger than the Earth. The 
Sun is also heavier, bulk for bulk than Jupiter, so that the force 
of gravity is very much greater on the Sun than on Jupiter. 
A weight of 4 lbs. on the Earth if taken to Jupiter and weighed 
tliere with a spring balance would weigh 10 lbs,, and if taken 
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to the Sun and weighed there it would weigh a hundred weight. 
With this greater force of gravity on the Sun the difficulty of 
accounting for an atmosphere of considerable depth is enor¬ 
mously increased, but the Sun is manifestly hot, and the 
explanation occurs to us at once that the great heat renders 
possible an atmosphere of great depth. The heat of the Sun 
is so great that it is difficult to suggest any figures that help 
one to realise its real temperature. 

. The Sun is, therefore, in an extremely youthful state, so hot 
that every known substance is vaporised, so hot that in spite 
of the force of gravity being so great its atmosphere is thou¬ 
sands of miles deep, so hot that rain and hail on the Sun are 
not water and ice, but iron and other things which only melt 
at a high temperature. 

A sunspot is a space in the outer atmosphere through 
which we can look down into the depths below. It looks 
quite dark by comparison with the blazing, glowing clouds 
around it. 

Whatever the age of the Sun may be, measured in centuries, 
it is still in the enjoyment of the energy of youth, and will not 
have cooled down to the condition of even the hot giant 
planets until untold ages have passed. 

Let us briefly review what we have noted respecting the 
solar system. Every body in that system is cooling, and we 
find that they are in various stages of cooling much as from 
their different sizes we should expect them. There was there¬ 
fore probably a time when the Sun was hotter and larger, 
and a previous time when the Sun was so large as to fill the 
orbit of the Earth; before that perhaps even the orbit of 
Neptune. But, then, the Sun would be a nebulous cloud of 
glowing gas. 

The movements of the planets afford some interesting 
reflections ; all the planets revolve round the Sun in planes not 
greatly inclined to each other and all in the same direction. 
Moreover the direction of revolution of the planets is the same 
as the direction of rotation of the Sun. Now what is the 
probability that these movements are accidentally in 
the same direction and what are the chances that there 
is some physical connection between these movements ? 
If a man tells us that he tossed a rupee five times and 
it came ‘‘Heads” every time, we should think it very 
extraordinary. If he should say that it came heads 10 times 
successively, we should not readily believe it, for the 
chances are a thousand to one against, and if he said it 
happened twenty times consecutively we should feel sure 
it was not true, for the chances against this are a million to one^ 
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When 7 planets were known the probability that uniformity 
of direction of movement indicated some relation was very 
great, and as each successive planet was discovered the pro¬ 
bability became greater, until now that hundreds of planets 
are known» the probability is too great for expression, and it 
becomes a certainty that the identity of direction of revolution 
of the planets and the rotation of the Sun are in some way 
connected. 

We are thus driven to the belief that the Sun has contracted 
from a nebula occupying a vast extent of space and that the 
formation of the planets and the rotation of the Sun were in 
some way related. 

It has been supposed that the Sun has captured bodies 
wandering through space and that these have formed the 
planets, and that the planets have similarly captured their 
satellites, but there are mathematical difficulties. 

It is not understood, for example, how Jupiter could capture 
a satellite. Jupiter could capture a small body, which might 
become a minor planet revolving round the Sun; he did capture 
a comet, which now revolves in a closed orbit, but we do not 
know of a body which could capture a satellite for Jupiter. 

From the solar system we turn to the depths of space, to see 
whether we find anything which helps us in our investigation 
anything analogous to what we have seen and have found in 
our own system. 

In the first place, we find the depths of space strewn with 
stars; as far as the telescope can reach we find stars 
innumerable. 

Many of the names given to astronomical objects, especially 
by the ancients, show a highly developed imagination, but 
the appearance of some objects really did suggest their 
names, for example the Crab Nebula, which seemed like a 
crab before we photographed it and could see so much of its 
structure. There is also the America Nebula which obviously 
suggests North America, and the Trifid Nebula in Sagittarius. 
It has been suggested that the rifts visible are not really 
rifts but are caused by the obscuring of the light by some 
dark body between us and the nebula. Then there is the 
nebula known as the Owl Nebula from its appearance 
of having two eyes in the centre. Here again photography 
has somewhat altered the appearance as it is seen in 
ordinary telescopes. We might also mention the Dumbbell 
Nebula which in ordinary telescopes looks m\ich more like a 
dumbbell than as photographed. 
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Having found that the solar system may in some bygone 
time have consisted of a diflfuse’d nebula, having probably 
solne motion of rotation, we search the sky to see whether we 
can find any evidence of the existence of a nebula with these 
characteristics, in the central portion of the great nebula of 
Andromeda, there is some suggestion of movement around 
the centre, but it is not very clearly defined. Here again 
there are curious rifts or dark places in the nebula, the shape 
of which in this nebula certainly suggests the presence of 
dark matter between us and the nebula, perhaps the nearest 
outlying portions of this nebula are not glowing, or perhaps 
some other body between us and the nebula cuts off its 
light. In one photograph of a nebula which is clearly spiral 
in shape we have once more a rift or dark patch which again 
may be caused by some dark matter driven across between 
hs and glowing nebula; in another spiral nebula, there is 
some suggestion of a Catherine Wheel. All these nebulae bear 
evidence of movement which may have originated -within the 
nebula itself or inay have resulted from two nebulae meeting 
each other ; not meeting quite directly but at a little distance 
or so as'to graze, then they would capture each other and 
begin to circle round their joint centre and would show a 
spirial appearance. If there are many spiral nebulae in the 
heavens some of these must be seen by us edgewise, and we 
should accordingly expect to find a number in the sky present¬ 
ing not their flat rotating side but their edge, and a nebula in 
the constellation of the Whale has a distinct suggestion of 
a spiral nebula seen rather obliquely or edgewise, a-nd 
another nebula which looks like the edge of a lens, and 
which we are obliged to believe is a spiral, which must 
of course of necessity be flat, and in another case the outer 
portions of the spiral are dark and cut off th© light of the 
glowing central portion. 

Thousands of nebulae have been photographed; of these it 
is believed that half are spiral, and in gazing upon these 
spirals it may be that we are looking at the earliest stages in 
the construction of systems similar to our solar system, 
and this is in progress all over the visible universe as far 
as the astronomical camera can see. 

If you will allow me I will conclude by quoting “ A Dream 
of Infinity ” by DeQuincey, after Richter, 

God called up, from dreams, a man into the vestibule of 
Heaven, saying, ‘‘ Come thou hither, and see the glories of my 
kingdom.*’ And to the angels that stood around his throne, 
God said, '‘Take him; strip from him his robes of flesh; cleanse 
his vision, and put a new breath into his nostrils : only, touch 
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not with any change his human heart, the heart that weeps 
and trembles.” It was done; and with a mighty angel for his 
guide, the man stood ready for his infinite voyage ; and from 
the terraces of heaven, without sound of farewell, they passed 
into infinite space. 

Sometimes, with the soleipn sweep of angel wings, they 
passed through Saharas of darkness, thropgh wildernesses of 
death, that divided the worlds of life. Sometimes they passed 
over threshholds quickening under prophetic motions. Then, 
from beyond depths counted only in heaven, light dawned 
as from a sleepy film. By unutterable pace they passed to 
the light, the light by unutterable pace to them. In a moment, 
the rush of planets was around them, in a moment, the blaze 
of suns was upon them. 

Then came eternities of twilight, that revealed but were not 
revealed. On the right hand and on the left hand towered 
gigantic constellations, that by self repetitions, by answers 
from afar, by counterpositions, built up triumphal gateways, 
whose archvvays and architraves, horizontal, upright, rested, 
rose, at altitude, by spans, that seemed ghostly from infinitude. 
Without number were the archways, beyond memory the 
gateways, past counting the architraves. Within were stairs 
that scaled the extremities around. Above was below, below 
was above, to the man stripped of gravitating body. Depth 
was swallowed up by lieight insurmountable, height was 
swallowed up by d,epth unfathomable. 

On a sudden—as thus they rode from infinite to infinite 
on a sudden—as thus they tilted over abysmal worlds; a 
mighty cry arose that systems more mysterious, worlds more 
billowy, other heights, other depths, were coming, were near¬ 
ing, were at fiand! 

Then the man sighed and paused, shuddered and wept; 
bis overladen heart uttered itself in tears; and he said ; 
“ Angel, I will go no farther ; for the spirit of ihan achoth with 
this infinitude. Insufferable is the glory. Let me, lie down 
and hide me in the grave from the persecution of the infinite ; 
for end I see there is none.” And from all the listening stars 
t hat shone around there issued a choral voice, “ Angel,, thou 
knowest that the man speaks truly ; end is there none that 
ever yet wo heard of.” “ Is there no end ? ” The angel 
solemnly demanded: “Is there indeed, no end ? And is 
this the sorrow that kills you ? ” 

But no voice answered, that he might answer himself. 

Then the angel threw up his glorious hands to the heaven 
of heavens, saying :— 

“ End is there none to the Universe ; Lo ! also there is no 
beginning.” 
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Comets 

By the Rev. J. Mitchell, M.A., F.R.A.S. 

Mysterious visitant whose beauteous light 

Among the wandering stars so strangely gleams 

Like a proud banner in the train of night 

The emblazoned flag of duty it streams 

Infinity is written in thy beams 

And thought in vain would through the pathless sky 

Explore thy secret course, thy circle seems 

Too vast for time to grasp. Oh ! can that eye 

Which numbers hosts like thee, this atom earth descry. 

This is the poet’s attempt to express his thoughts in reference 
to Comets; whether he is correct in his surmising or not, we 
shall see during the course of this lecture. 

We are accustomed to think of the celestial orbs as being 
the most regular and law-abiding of all created objects. The 
stars, so far as ordinary sight is concerned, are fixed in space. 
Centuries pass but they remain precisely in the same place 
relatively to one another. The Sun is the centre of the solar 
system and knows no change in brightness or attractive 
power. The planets with their satellites revolve round the 
Sun with a perfectly regular and uniform velocity. Order and 
law reign supreme in the Universe. It is true that occasionally 
extraordinary phenomena like eclipses occur, but every 
eclipse, whether solar or lunar, is known beforehand, and 
each is predicted with the greatest accuracy. But comets, 
or the vast majority of comets, appear to be exceptions. 
Some few there are that follow the course of the planets and 
accept the Sun as their over-lord, but the rest, and this signi¬ 
fies an enormous host, follow their own law. They come 
when least expected; from whence they come and whither* 
they go is one great mystery. 

Comets until quite recent years have, in every part of lie, 
world and in all ages, been regarded as evil portents, presages 
of disaster. Even as late as the 17th century a cei^ain poet 
wrote of comets thus :— 

** A Blazing Stjir 

Threatens the world with famine, plague and war 
To princes death ; to kingdoms many crosses 
To aljl estates, inevitable losses. 

To herdsmen rot, to ploughmen hapless seasons 
To sailors storms, to cities ci^nl treasons,” 
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In this country comets have, in general, always been re¬ 
garded . as dire portents. An eclipse of the Sun or Moon 
renders the time being inauspicious and impure, but the rise 
of a (comet) is a still worse portent, 6.^., after such 

an appearance a soldier shall not for 7 days take part in a 
military expedition. According to the colour and form of a 
comet its influence for weal or woe depends. Generally 
speaking, a white tailless or short and straight comet does not 
produce such evil effects, but a comet in the form of a rainbow 
is an omen to be dreaded, but if it possesses three crests then 
the results are direful in the extreme. 

101 comets are accounted for thus :— 

(1) 25 are produced by fire ; they are blood-red or have 

the colour of lac. They are found in the East and 
South and they give rise to a general conflagration, 

(2) 25 come from the god of death. They are black 

in appearance, have crooked tails and are found 
in the South. They bring death to countless 
numbers, 

(3) The Sun accounts for 25. These are golden in colour 

and appear in the East and West. Such comets 
produce unrest and disorder among the princes. 

(4) 22 are produced by Mars, They produce hunger and 

fear and are found in the North and East. 

(5) The Moon accounts for 3. These are white and 

glistening or silvery and their influence on the 
whole is for good. 

(G) Lastly, the Creator himself produces 1. This comet 
may appear in any part of the sky and the result 
is universal destruction. 

Most of us can remember at least one occasion when the 
coming of a comet has given rise to the scare that the world 
would come to an end on a given day. Such a scare got 
abroad in England in 1872, and in this connecti,on Richard 
Proctor, the famous Lecturer on Astronomy, tells a good .story 
which has the merit of being true : “ In a certain house in 
Sheffield, Monday, August 12, had been appointed a great 
washing-day. On the morning of the day, the housekeeper 
asked for an interview with her master on the subject of the 
comet. She begged to know if it were really true that the 
world would be destroyed on that day. Receiving assurances 
to the contrary, she expressed some degree of satisfaction, 
‘'but, Sir,’’ she said, “though what you say may be very 
true, might it not be just as well after all to put off tht waJh^ 
ing-day till to morrow 
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Now it is riot to be wondered at> that these mysterious 
visitants gave, and still give, rise to fears. As we have just 
stated, regularity arid order characterise the celestial orbs 
generally, but comets appear to know no order. ' They 
suddenly appear faint and tiny at first, then in a short time 
they brighten up, shootout a long tail until in some cases 
they span the heavens like a flaming torch ; visible, some*^ 
times, even in the day time, and then as mysteriously 
diminish and disappear. 

Comets vary in apparent size and brightness enorinously, 
and as regards number, who cari count theih ? Kepler stated 
that they inhabited the ether as fishes the ocean, and that the 
ocean was not fuller of fishes than the ether of comets. 
Probably thousainds visit our neighbourhood without being 
seen. Many are so feeble in brightness that only a powerful 
telescope or the photographic plate can reveal them. On 
the other hand, the comet of 1744 equalled Venus ih brightness 
and became visible at noon, and as recently as January 1910 
a “ day-light” comet appealed in the heavens. Then who 
can forget the magnificent comet of 1882, as it spanned the 
East Heavens 1 This was my first’comet and it impressed me 
greatly. 

Comets to the early inhabitants of the world appeared to 
have little or no connection with the solar system and scarcely 
any even with the Universe. What were they ? They 
differed from each other in appearance, and shape, and some 
apparently in colour. They appeared in every conceivable 
portion of the heavens. Sometimes in the East before sunrise, 
sometimes in the West after sunset. Now they appeared 
in the northerfi heavens moving across the familiar stars of the 
Great Bear; now in the Southj cultivating the acquaintance 
of Orion or the Scorpion, Their trae phths in the heavens 
the ancients were absolutely igriorailit of i but later they became 
aware that in some way or other their increase in size and 
brilliance was due to the Sim, and they noticed, t 60 , that the 
tails of comets were always turned away from the' Sun. 
Oradually astronomers began to suggest paths in which' 
comets might move. Tycho Brake thought they' might 
move in circles. Kepleir arid Galileo believed they traversed 
the solar system in’straight liries. HeveliriS generally: agreed 
with Kepler; but 'hfe threw out the idea that the path’ might 
possibly take the forrii'of a parabola, but it was Sir Isaac 
Newton who put an end to these hypotheses by corinecting 
the movements of comets with the laws that" govern the 
motions of all the heavenly bodies "which move within'the 
sphere of the Sun^s attraction.' Newton was a godsend to the 
world of intellect and especially of mathematics arid astronbmy 
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And this leads us to the part that Halley played in the dk- 
covery of cometary motion. Apart from Halley’s connection 
with the famous comet that bears his name, the world owes 
more to him than most people realise, for it was largely due to 
his enthusiasm and generosity that Newton’s immortal Prin- 
cipia ” was due, for it was he who urged its writing, it was 
he who urged the Royal Society to publish it when written, 
and it was he who bore the entire expense of its publication. 

Ill the Principia, Newton promulgated the theory of gravi¬ 
tation and applied it in many directions, but so far as we are 
■concerned to-night, to the orbit of the great comet of 1680, 
He stated that it was very probable that some comets might 
move in elongated ellipses,, and that the comet of 1680 might 
be moving in such an ellipse, and he invited astronomers to 
apply the piinciples laid down in his work to all the comets 
on record. Halley took up the task. He undertook the 
investigation of the movements of a large number of the 
comets previously recorded and calculated the paths of 24, 
to see if any, and if so, which followed the same path. He 
carefully investigated, in particular, the orbits of the comets 
of 1531, 1607 and 1682, and he found a remarkable similarity 
in their elements and he came to the conclusion that they were 
one and the same comet, and so confident was he that he 
predicted its return in 1758, and he concluded his memoir 
as follows : ‘‘ Wherefore if, according to what we have already 
-said, it should return again about the year 1758 candid 
posterity will not refuse to acknowledge that this was first 
discovered by an Englishman."” 

And candid posterity has given Halley his due, but while 
giving him his full due as being the first to predict the re¬ 
appearance of the same comet, great credit must be and is 
.given to the two Frenchmen, Clairant and Lalande, and also the 
French lady,Mddle. Horteuse Lepande,who completed Halley 
work by predicting with greater accuracy the date of the 
comet’s perihelion passage. On its way here the comet had 
to pass near the planets Saturn and Jupiter, and the perturb¬ 
ations duo to these would be very considerable. These the 
mathematicians took into consideration and the labour in¬ 
volved was immense. Fiventually Clairant announced the 
13th April 1759 as the date for the perihelion passage. The 
actual date was the 12th March 1759, a difference of only 
32 days, but what are these in 76 years. It was a triumph, 
for the difficulties of the problem were most formidable. 
This will be realised to some extent when it is stated that the 
comet was delayed 618 clays by the two planets, 100 being 
due to Saturn and 518 to Jupiter. 
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The next appearance of the comet was still more eagerly 
looked for and even greater preparations were made by the 
mathematicians. Again Frenchmen were to the fore. This 
time the perturbations caused by the new planet Uranus,”' 
before this discovered by Sir William Herschel, had to be taken 
into consideration. The Frenchmen were joined by two 
German astronomers, one of then®, Kosenberger,. being one of 
the most distinguished mathematicians of the age. Not only 
did he take into consideration the effect of the larger planets 
' but the smaller ones also—^Mercury, Venus and Mars. He 
fixed November 26, 1835, as the date of the perihelion, but 
the comet actually passed this point on November 16, 1835, 
10 days before the calculated date. This was another triumph 
for gravitational astronomy. 

The honour of the prediction of the last return in 1910 
belongs to two Englishmen, Drs. Cbwell and Crommelin, both 
. Cambridge men. By a mucli more simplified process of mathe- 

■ matical reasoning they fixed the perihelion passage within 
2-7 days of the actual event, and they conclude their memoir 
with the following significant words : There is some small 

• disturbing cause at work whose character is not yet recognised.” 
It may be so. Suppose there is another planet beyond 
Neptune, that small disturbing cause will, one day, we hope, 

■ be discovered and then the course of one comet at any rate will 
be known. 

We are thus led to the conclusion that the orbit of a comet 
such as Halley’s, which re-appears after a given period, in this 
case about 75 years, must be a closed curve, either a circle 
or an ellipse. The circle does not seem a popular path. All 
' the planets along with their satellites move in ellipses, though 
these in almost every case are not far removed from circles. 
But the comet eschews a circle. The few that return to im 
periodically move in ellipses. Some, like Halley’s, are vastly 
extend&l approaching parabolas which is what the ellipse 
becomes, when it becomes infinitely extended, and this is the 
path of the vast majority of comets that appear. They come 
from infinite depths of space, fall into the sphere of the Sun’s 
influence, are attracted, circle round the Sun and rebound 
into space, never to return. Some wo say are caught by the 
Sun’s attraction, but how many are not ? How many exist 
beyond and are never seen? 

We have just stated that Halley’s Comet moves in an ellipse, 
.but what a zig-zag path it must be after all when it can be 
delayed 618 days by two planets. It must have a most 
tortuous course as it makes its way past planets and satellites. 
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Again, we may compare a comet with the planets. The 
planets in their various paths round the Sun move in planes 
inclined only at a slight angle to the ecliptic, i.e ., the plane of 
the Earth’s orbit. Mercury’s orbit is inclined 7°, Venus 3°, 
and the rest less. The satellites are more variable. The plane 
of a comet’s orbit may be at any an,gle to the ecliptic. In the 
most extraordinary manner it may come and go. The planets 
all revolve round the Sun in the same direction, but a comet’s 
path may be either direct or retrograde. Halley s Comet is 
retrograde. 

In these days comets have lost all their terrors to the 
astronomer, because be knows something of their true dimen¬ 
sions. Though they bulk large in volume, yet the mass of the 
largest must be exceedingly small. The largest telescope 
fails to magnify the nucleus into a disc even when they ap¬ 
proach to a minimum distance. LexelFs Comet of 1770 got 
entangled among the satellites of Jupiter without causing 
any inconvenience whatever to Jupiter’s followers, and the 
same comet approached the Earth to within IJ million miles, 
yet it showed no disc and did not affect our planet in any way. 
Seeing that the mass of a comet is so small it is rather surprising 
and exceedingly interesting to find how wonderfully stable 
Halley’s Comet has been in its ways. 

Messrs. Cowell and Crommelin have shown that the inclina¬ 
tion of this comet to the ecliptic in 1066 was 16® 5', in 1607 
17® 6', in 1759 17® 36' and in 1910 17® 47', i.e., in nearly 
a thousand years the inclination has only varied about one 
degree. Hind has traced the comet back to 11 B.O. and ho 
finds most remarkable stability and regularity in its periodic 
visitation. 

In the early stage, when it is far from the Sun, a comets 
appears round and nebulous, and apart from its motion among 
the stars it is not possible then to distinguish it from an ordi¬ 
nary nebula. I well remember, on the 28th February 1910, 
first catching sight of Halley’s Comet. It was circular in shape 
and nebulous in appearance and there was no nucleus. It 
could only then be seen through the telescope. Up to Marcli 
7 it remained like this, and then it disappeared in the 
Sun’s glare, and it was not until the 20th April that I again 
caught sight of it in the early morning. In the meantime it 
had changed in appearance. There was now a well-defined 
nucleus sharp and bright like a star. This was surrounded by 
a circular patch and produced into a tail and a bright star 
was shining through the tail. Speaking about stars inside 
the comet, on the 27th May, about 7-30 p.m., 1 noticed a 
star in the head of the comet only a short distance from the 
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uiiuleas. li'ov over 2 hams 1 watched tliat star. (JracUially 
the nucleus drew nearer until about 9-20 (Standard Time) t-lu* 
star was so close that the two resembled a double star, closer 
than the components of Polaris and about as close as the com¬ 
ponents of the well-known double-star Castor, i.e.^ 5" apai't. 
When at its nearest point to the nucleus 1 noticcul a very 
slight diminution in the brightness of the star, but only at this 
point. Elsewhere the star shone out through the comet’s 
tail and head undimmed in brightness. 

Another important feature in connection with this comet 
was this. On the 19th May 1910 the comet passed between 
the Earth and the vSun. There was a transit. Now had the 
comet’s nucleus been appreciable in magnitude,, it would have 
been seen as a small point on the background of the Sun’s disc. 
I remember watching most carefully. I also took a photo¬ 
graph of the Sun, but not the slightest speck was discernible 
and in no part of the world was the slightest t race of the 
comet seen by any observer. 

That physical organ, the Cometh's tail, wo must study a; 
little more closely. Most comets, not all, have a tail at 
the glorious part of their career. vSomo have more than one.. 
When No. 3 Comet of 1903 was photographed at ({reouwich 
9 tails appeared on the plate. Extraordinary changt'^s some¬ 
times take place in this appendage from night to night as a 
study of the photographs clearly show, e.g,, notice the ivhitn 
spots travelling along the tail. Probably a new tail is formed 
each night. 

Not only does the tail undergo violent and sometimes 
disruptive changes but occasionally the comet as ii whole 
suffers violence. Comet Moorhouso of 1908 was one of these*. 
On the night of September 29 it rejoiced in a substaivtiaf 
normal appendage, but all through the night of the 3()th viohmt 
changes were taking place. A photograph taken on the 
night of the 1st October revealed the astounding facd. that the 
tail had been separated from the body. In thc^ t.(dcs(*-op(^ it 
looked as if the comet had completely lost its tail, but a photo¬ 
graph shows that a slight connection still existed in the shape 
of slender streamers. On the 15th October a still more violent 
change occurred, the comet actually broke in two. 

The stuff of which a comet’s tail is composed must b(^ in 
a most highly attenuated condition, otherwise such phenomena 
as we have been describing could not take place. What., then, 
can be the condition and composition of a comet bo slight iii 
mass and yet so expansive and which yet obeys so precisely 
the law of gravitation ? 
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Here 1 would digress a moment. I would point out the 
reason why Astronomy should be taken up seriously in this 
great land of India. We have a wide area, £or many months 
of the year we have perfectly clear skies especially in that 
part of the year, November, December, January, when the 
astronomers of Nortlem Europe find Practical Astronomy 
almost out of the question. At present apart from a few 
Government observatories there are in this country very few 
private observatories that are well equipped and in active use. 
Take the case of Halley’s Comet. Two years ago I went to 
England on furlough. There I met Mr. Hinks, of Cambridge, 
a keen and able astronomer and author of a capital book on 
Astronomy. I asked him about the comet and what they in 
England thought of it. A miserable failure,” he said. It 
was scarcely visible at all. Most people never saw it once.” 
How different here. To us it was a magnificent object. I 
myself observed it carefully on 32 different occasions. Thus 
for the cause of the science we should be up and doing that 
our work might supplement the work of astronomers in other 
countries. 

For our knowledge of the composition of comets we are 
largely indebted to that grand old amateur astronomer Sir 
William Huggins, now, alas ! no longer with us. In his early 
days he hesitated between the microscope and telescope. 
Eventually he decided—and fortunately for Astronomy he did 
so—in favour of the latter instrument. He fitted up an ob¬ 
servatory and for a time systematically observed the planets, 
but becoming dissatisfied with the routine character of the 
work he began to cast about for some fresh kind of research 
upon the heavenly bodies. It was just at this time that 
Kirchhoff’s (1859) great discovery of the true nature and 
chemical constitution of the Sun by the interpretation of the 
Fraunofer lines was announced. Here was the very kind of 
work Huggins wanted. He determined to extend Kirchhoff’s 
method of research to the other heavenly bodies. Then he 
devised a number of instruments for spectroscopic work; 
he fitted up a laboratory and for many months was engaged 
in snapping the spectra of chemical elements. Armed with 
these he turned his spectroscope on the stars and brought 
to light the fact that stars are composed of the same elements 
that exist in the Sun and Earth. He next turned his attention 
to nebulje and was the first to discover bright lines in the 
spectra indicating that they consist of incandescent gases 
of which H. gas is the most prominent. Incidentally a comet 
appeared and here again he made a great discovery. He 
found that there was a continuous spectrum crossed by 
dark lines. This resembled the solar spectrum and indicated 
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that the comet shone, partly at any rate, with reflected light, 
but he saw more. He noticed a second spectrum consisting 
of 3 bright hands. This was a still more startling discovery. 
It proved that the comet had light of its own, that it w^as 
incandescent. Further research showed that these bands 
could be produced in the laboratory and were peculiar to 
compounds of carbon. A comparison of the carbon-banded 
spectra of the laboratory with those of the comet showed tliat 
they were identical. Thus the mystery was solved or partly 
solved, for the comet’s spectrum is not even yet fully under¬ 
stood, but one thing is certain all research into the com¬ 
position of comets goes to show that carbon in some form 
or other is found there in an incandescent state. If any 
one wishes to see a comet spectrum let him examine the 
lower part of a spirit lamp or carbon dioxide or monoxide 
in a vacuum tube with a small spectroscope. 

With the knowledge we have now gained from the spectro¬ 
scope, let us go back to the comet as it approaches the Sun from 
infinite depths of space. Carbon, we have learned, in some 
form or other constitutes the most important element in its 
composition. Carbon is a common element. It is an im¬ 
portant constituent of the Sun and planets, and, as we shall 
see later, of meteorites. On this planet carbon occurs in 
combination with other elements as carbonates, etc. It also 
occurs as pure carbon, diamond, graphite, both of whic^.h 
are found in the older geological rocks. An interesting 
property of carbon is that it has the power of dissolving or 
occluding gases such as ammonia. It is to some extent soluble 
in molten iron and it is also capable of being reduced to a very 
fine state of subdivision, smoke. In the laboratory 
carbon itself is a reducing agent, but is itself reduced from its 
compounds by various agents and deep down in the Earth' 
where the temperature is exceedingly high such reduciing 
processes are going on. But to return to the comet, it comes 
along, exceedingly slowly at first. At this stage it may consist 
of one solid piece of stone, or of sever>al, but its mass is "not very 
great. Its temperature maybe low, but it is now in the Sun’s 
influence, its velocity increases and its temperature rises# 
As it approaches the Sun its temperature rises still higher. 
Violent chemical reactions begin to take place. Occluded 
gases are given off and become incandescent. Explosions 
due to expansions of gases and material owing to the increased 
temperature take place. The carbon compounds are reduced 
and the pure carbon fuses and vaporises. Exhalations of 
carbon and probably other elements are driven off in an 
extremely attenuated condition, but these come in contact 
with the radiation of the Sun, radiant heat^ light, etc. The 
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comet’s radiations are overcome and driven back mu 1 .so llu* (ail 
is formed. To some extent the radiations from Uic nncloiiM 
extend sunward and thereby wo got the corona of tlio coinci. 

Spectrum analysis shows that tlie tail slune.s largely, almost, 
entirely, by reflected light,. And here h-t us call to miiul 
Tyndall’s classic experiment in which iiuadcntally he .shows 
that light itself is invisible. He can.Hcd a powerful beam 
of light to pass through a box in which all th(( <lu.st particles 
had settled, the path of the beam was invisibli'. 'I’hen he 
allowed the slightest trace of impurity or <lust, to ent<‘r the box 
and the path of the beam instantly beeanu^ visible tlumgh 
to the eye not a trace of any dust could b(‘ .seen. This firin 
ciple has been made use of in tlie lUtra Mi(u-o,se(ipe from which 
we expect so much. A con<-entrated b<*am «'f sunlight i.s 
passed through a liquid containing in Hu.spt*n.sion excessively 
minute particles of various substances and then examiiu'd 
by an ordinary microscope. In this way [)artieles altogtdher 
beyond the power of any microscope are illumined and 
rendered visible. 

May not a comet’s tail bo in such a coinlition ? So (‘xt’cssivcdy 
minute are the particles of carbon or otlmr subslanees that, 
unless they were illumined by the sunlight, they would Ixj 
absolutely invisible. So excessively minute are th<*y, finer 
than the finest dust, that the cloud of tlusm constituting th<» 
comet’s tail has not the power to dim the light of a star shining 
through. 

Perhaps the most striking disetovery made in nderemat to 
comets is their connection with motoors. 'I’he ehi<‘f <u’eeli(, 
for this goes to the famous Italian astronomer, Sehiapm-elli, 
of Milan, famous also for his disttovery of the eanals of Mars, 
He compared the orbit of thePerseid Medeors, t.e., that .shower 
of meteors that have their rmliant, point in the e(mst«>llafion 
Perseus and which appear in August,, wit,h that, of Comet III, 
18C2. He found that comet and meteors move.d in the same 
track. 

Biela’s Comet illustrates this connection alsf) luul at. f!i<! 
same time provides evidence in other <lin*cf,ionH. It wus 
discovered in 1772 and periodically it visited us. In 
it astonished the world by breaking up into two cometM, 
and so long as they wore visible they travelled fogetlu'r side 
by side. In 1862 the twain again appeared, htit now t hey were 
farther apart, and this time they appeared only l,o bi<l us goo<l 
bye, for they never re-appoarod in that form. In 1872 they 
were again due to appear, but in their place a suhBtit,ut<‘ came 
in the form of a great show'or of mett-ors, the Androituulas, 
On November 27, 1885, and 18‘)2, we had show<>r.s with the 
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same radiant point. Thus we have a swarm of meteors 
converted out of the disruption of a comet. 

Perhaps the most interesting case of all is that of the Leonids, 
which so disappointed us in 1899. In 1799 there was a gorgeous 
display of meteors. In 1833 a still more brilliant shower. 
I have often heard my grandfather describe the swarm. On 
the evening of the shower he was sitting in his room when 
suddenly a friend rushed in, crying : ‘‘ John, let us pray, the 
world is coming to an end, the stars are falling, look,” and my 
grandfather went out. The stars were, indeed, falling in every 
direction, for the sky, from his description, was full of them. 

In 1866 my father was an eye witness. He had been invited 
to a friend’s house on the top of a hill. As he walked up the 
hillside late in the evening, being somewhat of an amateur 
astronomer, he examined the sky on his way. It was cloudy, 
but here and there were openings, and across the clear patches 
he saw meteors shooting across in a most startling manner. 

I, myself, was an eye witness of the 1899 (November 14) 
shower. I sat up for two whole nights. On the first night 1 
counted and charted about 80 meteors and on the second 
about 90. It was a sad disappointment, but I hope for a 
better display in 1933. 

Professor Adams found the orbit of this particular shower, 
viz., the Leonids was an ellipse and that its elements corre¬ 
sponded almost precisely to those of Tempel’s Comet of 1866. 

Thus we are led irresistibly to the conclusion that theie 
is an intimate connection between comets and meteor swaims. 

One thing we should not forget, a very small stone can 
become a meteor. We remember the guinea-and-feather ex¬ 
periment of our younger days. In a vacuum both fall with 
the same velocity. The ether of space offers no resistance. 
A milligram and a ton if started with the same velocity would 
travel together side by side. Probably in most cases the mass 
of the ordinary meteor is exceedingly small, but on reaching 
our atmosphere friction raises its temperature and it becomes 
incandescent and then is dissipated in the atmosphere. A 
small amount of matter is therefore capable of producing a 
fine shower of meteors, hence a comet, small though it be in 
mass, may be capable, on disruption, of producing a first- 
class shower of shooting stars.” 

Finally, let us turn to the composition of meteorites. In the 
first place, it is well known that meteorites contain certain 
gases in solution as it were. Sometimes as much as six times 
their buD?:. The occluded gases are such as Carbon di-oxido, 
Carbon mon-oxide, Hydrogen, Marsh gas and Nitrogen and 
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the inflammable gases invariably preponderate. On one 
famous occasion a certain Professor lecturing in the Royal 
Institution lit up the room for a time with the gas from a 
meteorite. An examination of such incandescent gases with a 
spectroscope gives a spectrum similar to that of a comet. 

Or take the composition of the meteorites themselves. 
Carbon is a common element. The specimen presented to 
this Astronomical Society is one of this type, rich in carbon. 
Other elements occur of course, such as Sodium and Iron, but 
these are not inconsistent with the theory that the composition 
of meteorites resembles the composition of comets.* Thus 
we are forced to the conclusion that comets and meteors are 
practically the same substances in different forms. They 
are similar in composition and they move in the same orbits. 
Comets are known to have disappeared and their places taken 
by meteors. Comets in one sense resemble nebulae. Nebulse 
are the stuff out of which suns are made, comets are the stuff 
out of which meteors are made. 

We have come to the end of this lecture. To those who 
Would know the purpose that comets serve in the economy of 
Nature we have no reply to-night; we can only direct them 
to the words of the inspired writer, Oh, Lord, how manifold 
are all thy works, in wisdom hast thou made them all.” 


The Great Star Map 

By a. B. Chatwood, B.So., B.R.A.S., A.M.I.C.E. 

The title which I have chosen for this evening’s lecture, 
‘‘The Great Star Map,” does not indicate very clearly my 
subject, which is the Astrographic Chart and Catalogue : the 
title is due to Professor Turner and I adopted it as I could 
think of none better. 

Perhaps I cannot do better than at once give you some 
idea of the nature and magnitude of the work carried by my 
title. 

It comprises a map produced entirely by photography 
showing stars down to the 14th magnitude, say 160,000,000 
star images. This map will consist of 22,180 sheets, about 17 
or 18 inches by 22 inches, a single copy would form a pile 
33 feet high and weigh about 4,000 lbs. The second portion 
of the work is a catalogue of the positions and magnitudes 

* Sodium and Iron, in particular, were oon'^piououa iu f>ho spectrum oi 
Moorhouse's Ootuot. 




130 ASTKONOMICAL SOCIETY OF INDIA [VOL. V 

of alt stars doxvn to the 11th magnitude determined from a 
second set of photographs and containing about 9 or 10 million 
star measures. This catalogue, in volumes about 12" x 10", 
would take up about 30 feet of shelf room and weight § ton. 

This work could, of course, not be carried out by a single 
obseirvatory, it has been divided into 19 sections which have 
been undertaken by different observatories representative 
of a dozen countries. 

It cannot be supposed that the Governments of a dozen 
diflerent countries would have allowed it to be undertaken 
and provided the necessary funds—perhaps 80 lacs of rupees— 
unless astronomers had been able to show that the work had 
a serious object and was likely to lead to results commensurate 
with its cost. Although valuable results have already been 
ajchieved the original object was simply to store up a mass of 
data which would enable future generations to make advances 
in astronomioaJ knowledge based on more accurate and 
extensive data than are available to us. 

It is interesting to trace the causes which led us to the 
undertaking ;— 

As you are aware, the earliest star maps were made for astro¬ 
logical-purposes and, later, maps were required for the use of 
sailors. About 1074 it was suggested that the angular dis¬ 
tance of the Moon from the brighter stars—“ the method of 
lunar distances ”—could be utilized by sailors for obtaining 
their longitude: Flamsteed pointed out that no sufficiently 
accurate* charts or catalogues then existed. Charles II, then 
King of England, at once founded Greenwich Observatory to 
remedy the defect and appointed Flamsteed the first Astrono¬ 
mer Royal. Half a century later Bradley became Astronomer 
Royal, and, among many other achievements, laid the founda¬ 
tion of our present knowledge of the positions of the stars. 
At this time only the brightest stars were observed. 

Later on when attention was called to the fact that one 
term of Bode’s Series or Law, with which you are all familiar, 
had no planet to represent it, it was suggested that the 
term might be represented not by a single planet—which would 
certainly have been discovered—but by number of smaller 
bodies. Search was made and in a comparatively short time 
four minor planets were discovered. Further search was for 
a long time fruitless, although now several hundreds have 
been catalogued. 

The search for these small bodies resembling telescopically 
faint stars necessitated the use of charts showing not only the 
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bright stars but also the faint ones. With such charts it was 
possible to detect a minor planet by its motion relatively 
to these faint stars. 

The process <jf making such charts by plotting measures 
made in the telescope with a micrometer and filling in the 
fainter stars by estimation is familiar to you. The method, 
however, is not important to our subject but the fact that 
there was great need of accurate maps showing faint as well 
as bright stars. This led in the first place to the charting of 
the Zodiac—^in or near which minor planets might be expected 
to be found—in Berlin and also by Chacornac in Trance whose 
work was continued by the brothers Henry. 

The work we are considering would of course have been 
impossible had it not been for the improvements in photography 
which only took place between i860 and 1880. 

About 1850 or soon afterwards the Americans, Bond and 
Butherford, had done some work in stellar photography with 
wet collodion plates, and in 1867 Bond wrote a letter, which 
is remarkable, to the Hon. Wm. Michell; in this letter he 
clearly forecasts that the sensitiveness of plates will bo 
increased; that larger instruments will be constructed and 
erected under better climatic conditions and he pointed out the 
great accuracy of the photographic process. He concluded his 
letter by saying: 

“ There is nothing, then, so extravagant in predicting a 
future application of photography to stellar astronomy on a 
most magnificent scale.” 

These forecasts have all been justified by subsequent events,, 
It is noteworthy that Rutherford found the accuracy of the 
photographs so great that he was unable to do them justice 
with any micrometer screw then obtainable; he therefore 
abandoned his astronomical work and devoted himself to the 
perfecting of the screw. It is probably to Rutherford’s 
work in this direction that much of the development of modem 
tool-making and engineering is due. 

In 1882 the gelatine platei which is so greatly superior to the 
collodion plate in sensitiveness, was in common use ; some 
amateurs at the Cape attempted to obtain photographs of the 
great comet of that year, which no doubt many of you remem¬ 
ber, but were defeated by the fact that the image moved on 
the plate and so gave confused images: Sir David Gill, then 
Astronomer Royal at the Cape, hearing of this, invited them 
to come to the Observatory and strap their cameras to the 
equatorial telescope which was driven by clockwork to 
counteract the effect of the Earth’s rotation. Some excellent 
results were obtained in this way. 
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A correspondence ensued between Sir David Gill and Ad¬ 
miral Mouchez, French Government Astronomer, which 
resulted in an invitation being issued to all the world’s leading 
astronomers to attend a conference at Paris.. This conference 
took place in 1887 and was attended by 56 astronomers 
representing 19 countries. 

In the meantime Dr. Common in England- had utilized 
photography in producing with his reflecting telescopes the 
excellent photographs of nebulae which are so well known : 
and the Henry Brothers of Paris, who have already been 
mentioned as carrying on the charting begun by Chacomac, 
had with infinite skill and patience produced an object glass 
of 131'' aperture specially suited to photography. As you 
are well aware, the ordinary visual object glass is adjusted 
to bring the yellow and green portions of the spectrum to the 
best focus, as this is the portion of the spectrum which is most 
active in vision ; but the vision of the photographic plates, 
if one may be permitted the expression, is most acute for the 
blue and violet rays so that the curves of the usual crown- 
flint object glass intended for one purpose are not suitable 
for the other. 

The conference of 1887 marks a distinct epoch in the history 
of astronomy as it originated what may be called “co¬ 
operative astronomy.” I should like, if I may, to express 
here an opinion which I hold very strongly, and to express it 
with all the force I can: it is that astronomy, the science 
on which we are all so keen, has reached a stage when co¬ 
operative work is essential, and that the work of half a 
dozen astronomers, whether amateur or professional, working 
in co-operation is of far more value than the work of the 
same half-dozen working independently. 

Many important decisions were arrived at at the conference 
of 1887 ; the first of course was that observatories all over the 
world should co-operate and that this co-operation should be 

used to produce a complete series of star charts and maps. 

% 

The next decision arrived at was that an object glass of the 
ordinary type, but specially corrected for photography should 
be used. Dr. Common was naturally in favour of reflector, 
but he did not fail to point out its disadvantages especially 
its fickle behaviour under unfavourable atmospheric condi¬ 
tions. Pickering, of America, advocated what has now come 
to be known as a doublet, a combination of four lenses exactly 
similar to a large photographic lens, and it is probable, I 
think, that if the excellent work done by this type of lens 
had then been available that it would have been adopted. 
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The object glass which was, however, adopted was one of 
the ordinary type corrected for photography with which the 
excellent work shown by the Henry Brothers had been done. 

Another decision which has had far-reaching results was 
that of impressing a network of lines carefully ruled at right- 
angles and equally spaced on the photographic plate before 
development. 

Although it was well known that the gelatine film was not 
subject to such distortion as would .be noticeable in ordinary 
photography, it was yet looked on with suspicion and it was 
considered likply that it might suffer from distortion which 
would be noticeable in stellar photography. The impression 
of the carefully ruled network of line now knowm as a 
“ reseau,’’ a name which is also applied to the ruled silver 
on glass plate from which it is printed, would enable distor¬ 
tion to be easily detected. 

This decision led to a result, due I believe to Professor 
Turner, without which I do not think that there could have been 
the slightest hope of ever carrying the work through. When 
it was found that the distortion of the film was negligible ho 
suggested that it would be quicker and better to utilize the 
reseau lines as fiduciary marks from which to measure the 
position of the star images than to use a micrometer screw. 

This has been accomplished by fitting a scale divided on a 
glass diaphragm in the common focus of the objective and eye 
piece of the measuring microscope. In practice this scale 
divides the space between two reseau lines into 100 parts and 
positions are estimated to of this, that is to say, O'^'S of 
arc or approximately inch. 

I pointed out earlier in my lecture that the original object 
with which this work was undertaken was the amassing of 
data for the use of future generations : but happily important 
and valuable results have been obtained during the course of 
the work. 

It has been thought that our Sun was one of the stars of a 
cluster, and counts of stars on our plates has so strengthened 
this presumption that it may be considered as a definite result- 

I show slides of two stellar clusters, you will notice a great 
concentration of stars towards the centre. Recent work by 
Mr. Plummer and others leads us to believe that if we were 
situated in the centre of one of these clusters and counted the 
stars of various magnitudes we should find that the ratio of 
the number of stars of any magnitude to that of one magnitude 
brighter would be about 2. 
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If now we make an assumption as to the distribution of 
stars in space, for example that stars are distributed uniformly 
through space and are intrinsically equally bright, the latter 
part of the assumption is not of course correct, so we will 
refer to it later. 

If we take this hypothesis of uniform distribution we may, 
as you will see, for the sake of definiteness and without in¬ 
validity, assume the stars of different magnitudes to be uni¬ 
formly distributed over the surfaces of spheres of different 
radii, the radii being determined by the convention as to 
magnitudes such radii would be starting from the 2nd magni¬ 
tude 

15 16 26 40 63 100 etc, 

On this assumption the ratio of the number of stars of any 
magnitude to that of one magnitude brighter would be 4. 

Considering now our assumption that all stars are intrin¬ 
sically equally bright as erroneous : let us assume them to be 
of 2, 3, 4, or any number n ” degrees of brightness and we 
shall jSnd that our ratio will be greater than 4 for the first 
* * n magnitudes and 4 for the remainder. And whatever 
reasonable assumption we make we cannot get a ratio 
smaller than four. 

Counts of the number of stars of each magnitude from 2 to 
6 on our photographic plates give us a ratio of about 3 which 
can be accounted for by the existence of a solar cluster contain¬ 
ing about 740 stars and for which no other explanation has 
b^n up so far forthcoming. 

Up to now we have considered only the brighter stars and 
have considered our solar cluster as limited; if we considered 
our clusters as extending indefinitely we should not account for 
the ratio which we find on our plates and we are bound to look 
further for an explanation of our discrepancy. 

Professor Kapetyn has suggested, for quite other reasons 
that space is permeated by matter which absorbs light in very 
much the same manner as a fog but of course to a much smaller 
extent. Fog, as you know, absorbs blue rays much more readi¬ 
ly than red rays, so that lights seen through a fog always look 
yellower or redder than they reaUy are. Kapetyn has esti¬ 
mated the density of this matter pervading space as such 
that it will absorb one-half the luminosity of a star in a journey 
of 40,000 billion mfies. That there must be matter in space 
is very reasonable as we see matter constantly driven off from 
the Sun’s corona and from comets. Professor Newall devoted 
his Presidential Address to the Royal Astronomical Society in 
1909 to this subject. 
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Counts of stars on OUT photographic plates give, as I said, a 
ratio of about 3 and also show that the nxore distant stars are 
more red in colour than those nearer to us. Also, although 
with certain limitations doubling the exposure of a photo¬ 
graphic plate doubles the effect on the plate, yet it does not 
when we are photographing stars give us as many extra stars 
as it shoxild if there were no-light absorption in space. 

From these counts Professor Turner has estimated that the 
" fog in space ” is such as to absorb one-ha]f the luminosity 
of a star in 4,000 billion miles, an estimate of its density which 
while ten times as great as Kapetyn’s is considering the 
difficulty of the subject in very good accordance. 

We thus have as results of this work the existence of:—a 
solar cluster of about 740 stars—fog in space. 

Another- result not strictly of this work but of work arising 
out of it and out of the discovery of Eros in 1900 is the deter¬ 
mination by Mr. A. R. Hinks from photographs taken in various 
parts of the world of the solar parallax. A determination 
which has given us our distance from the Sun with a probable 
error of less than 27,000 miles. 

In some cases plates have had to be repeated for various 
reasons, and a comparison of these corresponding plates has 
sbo-wn that the work will lead to the determination of a large 
number of proper motions. Until 9 or 10 years ago it was 
assumed that these proper motions were entirely at random. 
iCapetyn, however, suggested that this was not so but that 
the stars were moving generally in two streams. This has 
been confirmed by Dyson, and Eddington has from examina¬ 
tion of these plates recently shown that these two streams 
have fairly definite points of apparent convergence. 

The plates intended for reproduction as star charts are 
exposed three times, the plate being displaced in such a way 
that the three exposures form a small equilateral triangle. 
Mr. Baillaud found in one case, 1 believe also in others later 
on, that one of the images of a star did not at all resemble 
the other two: on investigating this—and every little dis¬ 
crepancy is weU worth investigating—^it was found that owing 
to the intervention of clouds one of the exposures had been 
made on one night and the other two on the next; he suspect¬ 
ed the discrepancy to be due to the fact that this star was 
a short period variable, a suspicion which was afterwards 
confirmed. 

I need not remind you of the discovery of Nova Geminorum 
by Mr. P. A. Bellamy at Oxford, a discovery which was also 
due to the investigation of a discrepancy in this work. 
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I have now given you a brief sketch of the magnitude of the 
complete undertaking, of the various causes which led up to 
it and of the results which it has already been responsible for ; 
I will now conclude my lecture by giving you some idea of 
how the work is carried out and of the enormous amount of 
detail and figuring involved ; by the help of the slides I shall 
now show and explain to you. 

Slides of an astrographic telescope, and slides of a com¬ 
plete set of record sheets of one plate were then shown and 
explained by the lecturer. 


Jupiter, the Giant Planet 

By The Eev. J. Mitchell, M.A., F.R.A.S. 

" The subject of my lecture to-night is Jupiter, the Giant 
Planet, and it is fitting that this lecture should be delivered 
on a Thursday (Jupiter’s Day or 

The name Jupiter is a most appropriate one. Mytholo¬ 
gically, Jupiter was supreme among the gods. As Zeus, 
he was the earliest, the greatest and the most renowned 
deity in the Greek Pantheon. As Jupiter, he was also the 
chief deity of the Romans. In the Solar system he is 
supreme, for he is the largest in size among the planets. He 
is almost supreme in brightness, only Venus surpassing him 
in this respect. When Jupiter and Venus appear side by 
side in the heavens, i.e., when they are near conjunction, they 
present a most brilliant spectacle. Such a spectacle I well 
remember witnessing in the evening sky in January 1892, 
about 22 years ago, and the impression it made on my mind 
will never be effaced. 

During the greater part of last year Jupiter was a brilliant 
object in the southern sky, and its altitude being about 
45° it was favourably situated for an observer in this latitude, 
but our friends in England were not so fortunate, for Jupiter’s 
altitude being only 17° no serious telescopic work could be 
done. It was, therefore, hoped that all possessors of tele¬ 
scopes living in lower latitudes would make good use of their 
opportunity. Fortunately for our Society, early in July, 
the mounting of the 7" Merz refractor, belonging to the 
Observatory of the Indian Association for the Cultivation 
of Science, was completed, and Mr. Raman, to whose energy 
that mounting is largely due, lost no time in turning it on 
Jupiter. I also, in Bankura, used my 5" Cooke on the planet 
on almost every favourable night. Between us*, for we (to 
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tise an astronomical expression) have been in conjunction 
during most of the year, we have made a number of useful 
observations and about 150 sketches, of which 1 shall make 
the fullest use during the course of this lecture. 

The regular observing of Jupiter in this country from May 
to almost the end of the year, when the planet disappeared 
in the Sun’s rays, has taught me one lesson, and I would 
impress this on all amateur astronomers in India ; the lesson 
is this : ‘‘ Do not despise the hot weather, and still more the 

rains, for astronomical purposes/’ To tell you the truth, 
the finest definition I have obtained, and certainly the moat 
perfect views, of Jupiter were in July. T had also splendid 
views of the planet in May and a few in June. The old 
adage All is not gold that glitters'’ is true when applied 
to the sky. Most of the brilliant nights in November and 
December I found were almost useless. The definition was 
scarcely even good. Stars more often than not were bloated, 
blazing masses of light and colour, instead of being points 
with regular diffraction rings round them. It is true the 
definition during the last month improved, but I scarcely 
think finer views of any object in the sky could be obtained 
than those in the middle of the year. 

And here I would point out that Jupiter is, facile princeps, 
the planet of the amateur with a small telescope. In these 
days photography has to a considerable extent displaced the 
eye observations of not only small instruments but telescopes 
of the largest aperture for a great many purposes. No tele¬ 
scope can now compete with the photographic plate in the 
mapping of stars, in the delineating of comets and nebulje 
or in the mapping of spectra. Photography is now com¬ 
peting strongly with small telescopes for detailed work on 
both Sun and Moon, for to-day photographs of small areas 
of both Sun and Moon of surpassing beauty and clearness 
of detail arc taken. But a. good 3" or 4" can still reveal a 
Utile more detail on the Moon visually than any telescope 
can produce photographically. With the planets, however, 
the state of things is different. Photographs of Mars, 
Jupiter and Saturn are taken systematically, but they are 
small and the details are meagre and indistinct at the best. 
Here, then, there is scope for the amateur. Jupiter through 
a good 4" or 5" on a good night is a revelation. It is dangerous 
prophesying, but it seems to me that for many years to 
come the camera will have no chance with the telescope, 
used visually, on Jupiter. 

Let us now look at the position of Jupiter in the Solar 
system. The Sun’s family is divided into two classes of 4 
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each. The first 4, Mercury, Venus, Earth and Mars, are the 
small yet dense members, the other 4, Jupiter, Saturn, 
Uranus and Neptune, are the large giant yet light members 
of the family. Between these two groups we have the 
asteroids, numbering several hundreds and considered by 
some to be the remains of a fractured planet. The asteroids 
consist of a ring of tiny planets circling round the Sun in the 
same way as the Leonids, or ring of meteors, the difference 
being that meteors are very much smaller fragments, mere 
dust compared with the minor planets. Of the 2nd class, 
i.e., the class of the giants, Jupiter stands head and almost 
shoulders above his brethren, and he might be looked upon 
as the guardian brother of the family, and indeed he does 
exercise a considerable influence over his relatives and out¬ 
siders too, for no celestial object can come within the range 
of his influence without being attracted very considerably 
in his direction. Especially is this the case with comets. I 
remember in my lecture on Comets, a year ago, in this Hall, 
referring to the action of Jupiter in delaying the coming of 
Halley’s Comet in 1759. It was calculated that the comet 
was delayed 618 days by the two planets, Jupiter and Saturn, 
and of these 518 were due to Jupiter. 

For many centuries, and even to-day the belief is held by 
many in this country, people have believed that Jupiter 
exerted an influence, sometimes for good, and sometimes 
for evil, over the destinies of mankind. There are few 
guardians to-day who would allow their children to attend 
school for the first time on any day but Thursday. For such 
a purpose (Thursday) is the auspicious day. To 

most people in Bengal 21 hours of this day are auspicious, 
but the remaining 3 are just the reverse. 

If a child be bom when the planet is in Cancer, then happy 
is that child. He will be magnanimous, faithful, bashful, 
of sweet and affable conversation, honourable, religious, 
iust< wise, prudent, grateful and virtuous. He will be 
indulgent to his wife and children and will revere old age. 
He will be a great reliever of the poor and will hate all 
sordid actions. Would that Jupiter could be nailed up 
permanently in that benign constellation ? But if the child 
be bom when the planet happens to be in Caprioornus 
woe comes to the unfortunate one. He will waste his 
patrimony and will be hypocritically religious. He will 
be tenacious and obstinate in maintaining false tenets in 
religion. Ignorance, carelessness, grossness and dulness 
will characterise him through life. He will abase himself 
in all companies and will stoop when there is no necessity. 
When we consider Jupiter’s brightness we are not surprised 
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that people credit him with such power, and when wo 
\-^onsider its immense size we are not surprised that its 
influence upon other celestial orbs should be so great. 
Compared with our Earth its diameter is 10 times as great, 
while compared with the Sun its diameter is only that 
of the parent, so that it occupies, in point of size, or 
volume, a sort of mid-way position between the two. In 
round numbers we have 8,000 miles as the diameter of the 
Earth, 85,000 as that of Jupiter and 850,000 the diameter 
of the Sun. 

Whilst Jupiter is immensely larger—1,800 times—^in 
volume than the Earth, yet, being a light planet, its mass isf 
considerably less, being in fact only 300 times that of the 
mass of the Earth. Its density, therefore, is about J that 
of the Earth, a little higher than that of water. 

Thus proportionately the force of gravity on the surface 
of Jupiter will not be the same as on the surface of the 
Earth; it is in reality only 2| times as great. From this we 
must conclude that inhabitants on Jupiter—^if any exist—^ 
must be much less than those here. A graceful young lady 
of 10 stones would, if transported to Jupiter, be at once 
changed into a heavy weight of 25 stones. The inhabitants 
of the planet will therefore be somewhat Lilliputian in 
stature and weight. It would not do to build a tower or 
chimney of the ordinary diameter and 100 yards high on 
Jupiter, for it wo\ild be crushed by its own weight, so the 
size of the inhabitants as well as buildings will have to be 
inversely as the gravity. 

Jupiter revolves round the Sun about once in 12 years at 
a distance of 482 million miles, but this does not matter very 
much to its inhabitants, for it is practically without seasons, 
the reason being that its axis of rotation is almost vertical to 
the plane of its orbit. What a monotonous state of things 
this produces it is scarcely possible to imagine. 

How many of us realise what we owe to the fact that tlxe 
axis of the Earth’s revolution is inclined 23^° from the 
vertical to the plane of our orbit. Surely this is not acci¬ 
dental ! Surely there is design in this! Suppose the axis 
were not inclined, that is were vertical, then all our days 
would be alike. There would be monotony everywhere, the 
temperature would vary with the latitude and the vinds 
would blow every day with an irritating regularity. At the 
Poles the Sun would hang on the horizon eternally. Round 
and round he would appear to revolve once in 24 hours, 
iKwer sinking below and never rising above the horizon. 
At th^ FI(pmtor he would rise due in the East, move vertically 
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overhead and set dead in the West. Every day would be the 
same from the Poles to the Equator, the altitude of the Sun 
at noon would be the true latitude, the Sun always rising 
in the East and setting in the West. Suppose the angle made 
by the polar axis to the vertical were greater than 23J'^, then 
the seasons would be accentuated. Tropical weather would 
characterise for a time the temperate regions in summer and 
polar weather would obtain in winter in the same latitudes. 
Jupiter is in the former position. Pity the poor inhabitants. 

Let us now examine the planet through a good 4" or 5"" 
Refractor (a good will show the main details). If we are 
fortunate to see the interesting side we shall notice certain 
definite markings, perhaps a black spot. Watch steadily 
this spot for ^ hour and you will notice that it has shifted from 
right to left (really from left to right, for the telescope inverts 
all objects like an ordinary camera). Look from time to time 
for another ^ hour ; the spot has travelled still farther and all 
the other definite markings along with it. Keep up the watch 
for another hour and the spot will by the end of that period 
have almost disappeared round the edge of the disc. What 
has happened ? The observation shows that Jupiter is re¬ 
volving so rapidly on its axis that 2 hours is sufficient to cause 
any particular feature situated fairly centrally on the disc to 
disappear. Continued observations upon the same spot, 
especially if the exact time of transit across the central meri¬ 
dian be noted, through a few weeks and then divided by the 
number of revolutions will give most accurately the true 
rotation period of that spot and of the planet itself—if the 
'spot is a stationary one. The time for one rotation turns out 
to be about 10 hours or to be more exact 9 hours 55 minutes 
28 seconds, but, as we shall afterwards see, it is difficult to 
ascertain what is the true rotation period of the planet 
itself, as spots have different rotation periods. 

Think of it, such a mass revolving once in 10 hours. Now 
the diameter of Jupiter at the Equator is 88,000 miles, A 
little calculation will reveal the striking fact that a spot on the 
Equator travels, in the course of its revolution, at the rate 
of 8 miles per second. It is rather a strange coincidence 
that the planet in its orbit round the Sun travels bodily at the 
same rate. Comparing the velocity of Jupiter at the Equator 
with that of some of the other planets, we find that Saturn’s 
velocity is 6 miles per second, our Earth 15 miles per minute, 
and Mars lOi miles per minute, while the Sun’s velocity is 
12 miles per second. What must inevitably be the result— 
a globe 88,000 in diameter revolving once in io hours ? Think 
of the centrifugal force, i.e., the tendency of the particles 
to fly off at a tangent and so to bulge out at the Equator. 
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Hence we shall not be surprised to find that tlie shape of 
Jupiter is not spherical. A glance through a good telescope 
will show at once that this is actually the case, for he presents 
a most noticeable flattened appearance at the Poles and if 
truly an oblate spheroid. Accurate measurements show 
that the equatorial diameter is 88,200 miles and the polas 
diameter 83,000. 

From a spectacular point of view Saturn undoubtedly 
comes first, but Jupiter is a good second in the telescope. 
To the naked eye it is a striking object. Indeed, so bright 
is it that many observers can sec it in broad daylight especially 
when in opposition. In the telescope it presents a large, 
clear, slightly oval disc which is crossed by a series of dark 
and light bands, some of which are distinctly ruddy in colour. 
Then there are 4 satellites easily visible, nay some of them 
have been seen by the naked eye when favourably situated 
and a powerful telescope will see them in the day lime. I 
have myself seen them several times with my 5" quite easily 
when the Sun has been well up in the sky. (By the way, it does 
not take a large telescope to see the brighter stars in the day 
time. 1 can see Polaris, a star of the second magnitude only, 
by day through my Transit instrument, and this has an aperture 
only in diamelior.) A more careful view of the planet 
reveals the fact that it is one particular belt that is most 
reddish in colour, and this is the South ISqtiatorial and one of 
the most interesting of all the belts. I once saw this ruddiness 
to groat advantage. As a young man I was greatly interested 
in Astronomy, and I would walk or ride any distance to see 
through a telescope. On one occasion, in July 1889, I went 
to Southport, a distance of 60 miles from my home—and 60 
miles was considered a great distance in those days. There 
1 remained for a fortnight purposely to look through the 
telcsco])e—a 6" O)oke llcfractor—belonging to Mr. Joseph 
Baxcmlall, M(q.eorologist to the Oorporation. For 13 days 
I remained and oacJi night was cloudy, and the last night 
came, for on the following day I had to return, but I was 
repaid for all my trouble and expense. The night turned out 
clear and there was an occultation of Jupiter by the Moon 
that tiight^—a somewhat rare oocurronco—and the only one 
1 have ever witnessed. The occultation took place in daylight 
about an hotir before* sunsed.. It was an exhilarating siglit 
to see tlu'* Moon (uwp iif) nearer and nearer to the planet, 
first- ocKuilting the satellites one by one, then tlxe planet itself, 
then the rotnaining satellites. But it was at the ro-appcaranco 
of the platiol with its train that what I want to describe took 
place. It was then dark and the stars and rJupiter shone 
out brightlj'. At la;, t one satellite burst forth from the edge 
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of the Moon’s disc, then another, then Jupiter itself appeared 
slowly, sharp and beautifully defined. As sOon as the planet 
was clear from the Moon I noticed a wonderful contrast. 
The Moon was silvery white, the Southern Equatorial Belt of 
Jupiter, especially, showed up with a marked deep red colour, 
but the other belts appeared slightly red also. I shall never 
forget the contrast and I shall never forget the glorious spec¬ 
tacle. Now it was often a puzzle to me why Jupiter did not 
look, if not red like Mars, at any rate slightly red, for its 
chief belt is ruddy, but it shines out almost as white as Sirius, 
The reason is now known. It is because its reflective power 
is very great, greater than that of any other planet, twice 
that of Mars and the Earth, and 12 times that of Venus* It 
reflects 62% of the total light it receives from the Sun. When 
it is remembeied that newly fallen snow only reflects 78% we 
can understand how wonderfully great its reflective power is. 
Thus the reason why Jupiter does not show up slightly red is 
because the slight redness is altogether masked by the white¬ 
ness reflected from the white belts. 

Perhaps the most striking feature on Jupiter as seen through 
a good telescope is the famous Bed Spot which is to be found 
in the red Southern Equatorial Belt. It is an elliptical shaped 
spot of enormous dimensions, being some 24,000 miles long 
from East to West and some 7,000 miles broad from North to 
South. It has a curious history which we must refer to. 

It was first discovered by Professor Pritchett, of Glasgow, 
Missouri, United States of America, in July 1878 as a pale 
pinkish oval spot. Next year, 1879, it began to attract atten¬ 
tion owing to the intensification of its colour. It was then 
brick-red in appearance, sharp in outline and somewhat like 
an elongated hexagon. It was by far the most conspicuous 
object on the surface of the planet. After 3 years of bright¬ 
ness its colour began to fade and in 1882 and 1883 it had 
almost ceased to be visible. In 1885 it began to recover and 
then it showed up as a faint, pink oval ring with its centre 
occupied by a white cloud which in the following year so 
extended as to almost obliterate its outline. Gradually the 
white veil cleared away and in May 1891 it had recovered 
much of the intensity of colour which had rendered it so con¬ 
spicuous an object in 1879. It remained a bright object 
tiroughout 1892 and then began to fade again and by 1897 
it had become practically invisible. From this date to last 
year it has been a difficult object, for the most part was 
scarcely visible. During the last year Mr. Raman and I were 
fortunate in having the Red Spot visible again and our work 
has centred largely on this famous feature. We have noticed 
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in the course of our observations two striking characteristics 
of the spot : 

(1) Its influence (both attractive and repulsive) on its 

surroundings; 

(2) Its westward drift. 

So far back as 1879 when the Red Spot first became con¬ 
spicuous, Barnard, the celebrated American Astronomer, 
called attention in the English Mechanic to the repulsive force 
exerted by the spot. The belts on the North and South sides 
of the ellipse were bulged out and there was a sea of light 
almost completely round it. Drawings taken in 1888 show 
the same feature though not in so marked a degree. During 
the past year we have found evidence that this repulsive 
force still exists. Invariably I have noticed that immediately 
round the spot there is a sort of white border and that the 
darkness of the belt shades off in the neighbourhood of the 
spot, but what is even more interesting, we have evidence 
which seems to show that the spot exerts now an attractive 
force, A black narrow elongated spot, which on the Ist August 
was some 17,000 miles to the West of the ellipse, drifted East 
until on the 3rd September it had actually collided with it, 
i.e., it was attracted at the rate of 500 miles per day. That 
it was attracted, and not merely drifted, appears to be shown 
by the fact that when it reached the spot there it struck and 
gradually shortened in length and became fainter and fainter 
until by the end of the month (September) it had completely 
disappeared. It appears certain that the lesser spot was 
entirely swallowed up by the greater. 

Then as regards the drifting East of the Red Spot itself, 
Lohsc investigated this drift most exhaustively between the 
yearg 1878 and 1897, and he found that its rotation period 
was longer than the rest of the surface of the planet. Cal¬ 
culating backwards he found it had wandered over more than 
\ the circumference of the parallel in which it was situated. 
Our observations last year undoubtedly confirmed Lohse^s 
conclusion as regards the drift generally, but we found its rate 
of progress backwards, that is East, to be even more rapid 
than he calculated. We have found its rotation period to be 
9 hours 55 minutes 41 seconds, whereas the general rotation 
appears to be about 9 hours 55 minutes 28 seconds. What, 
then, can the surface conditions of Jupiter be like which allow 
an enormous area to drift slowly backwards in this strange 
manner that at one and the same time exerts a repulsive and 
an attractive force ? 

Inside, but on the southern side of the dark South Equatorial 
Belt there runs a narrow bright band about J way round the 
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planet, known as the South Tropical Disturbance. This bright 
band comes stealing along like a snake, when the Red Spot 
is on the left of the disc, for the preceding end has often a 
snake-like appearance, sometimes pointed, sometimes round¬ 
ed, and sometimes swollen out like the top of a walking stick. 
On the 20th October I noticed a dent in the knob-like end 
and this persisted for 10 days, gradually filled up and then 
disappeared. I have also noticed irregularities along the 
northern .edge of this band. These changes and appearances 
have been seen also by Mr. Raman. 

Immediately preceding the South Tropical Disturbance 
Mr. Raman and I, about the end of August, noticed a notch 
in the dark band between the Southern Tropical Disturbance 
and the South Tropical Zone. This kept its position and 
persisted until well into September, when it appeared no 
longer as a notch but as a long drawn out hollow which 
gradually filled up. 

In the middle of May I noticed a curious notch in the same 
dark band but much further to the West. Bad weather in 
June and the early part of July prevented further observations. 
However, on the 26th July there was no trace of it, but on the 
23rd August I noticed a curious swelling in the same belt and 
in about the same longitude. This swelling continued until 
September 9, when it changed into a kind of faint gap in the 
belt, lengthening slightly as the days passed by until by the 
30th October it was fully twice as long as before. Calculations 
show that this gap rotates more slowly than the Great Spot, 
viz,^ 9 hours 55 minutes 25 seconds, and as this corresponds 
with the general rotation period of the planet it follows that 
there is not much drift in coimection with this feature. 

We now come to the great Equatorial Zone. This is a 
most active area and differential movements are going on here 
right round the planet. The most striking feature is the 
fairly regular system of arches with their bases pointing North. 
This arrangement,can be seen at any position of the planet’s 
revolution. The pillars of the arches are generally vertical, 
but they are often tilted. Sometimes to the left and occasion¬ 
ally to the right ; sometimes two arches coalesce into one 
large arch though the middle base remains. 

At the lower part of each pillar is invariably a black rect¬ 
angular spot or base. These arches are a most striking feature 
and were visible every time the planet was observed. 

But we have not yet finished with this great Equatorial 
Band. Up to the 23rd September the dark South Equatorial 
Belt and the bright Equatorial Zone were about equal in 
breadth, but the next day I noticed that the South Equatorial 
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Belt was widening. Mr. Baman noticed the same change. 
This widening went on until October 15, when the belt had 
widened to such an extent as to swallow up the entire southern 
half of the Equatorial Band. This was surely a most moment¬ 
ous change. It meant that this belt had increased in breadth, 
some 13,000 miles in 22 days or at the rate of 600 miles a day ■ 

Both Mr. Raman and I have noticed other minor changes, 
too numerous to be mentioned here such as the sudden ap¬ 
pearance of bright and dark spots persisting for a day or two 
and then disappearing. 

Up to this point I have confined my attention to the south¬ 
ern portion of the planet, and it is a striking fact that most 
of the changes that are visible occur in the southern regions 
(of the planet). Only very occasionally are spots or changes, 
in the arrangement of the belts or zones seen in the northern, 
areas. I have seen both dark spots and white spots in the 
Northern Equatorial Belt, but these have been infrequent. 
From Mr. Raman’s slides you will see that this has been his 
experience also. The dark belts and the bright zones retain 
their regular straight appearances and are rarely ever ruffled. 

We must now pass on to the consideration of Jupiter’s 
satellites. To the possessor of a good 4" or even 3", if it be 
of excellent quality, the satellites are a never failing source' 
of in'terest. Examine them on a good night. Four satellites are 
easily seen. An ordinary opera glass wiU see them, but they 
may not be seen all together. Sometimes 2 are visible on one 
side the planet and 2 on the other, sometimes 3 on one side 
and only 1 on the other. Sometimes they are all on one side. 
Sometimes 3 are visible on one side, the other being eclipsed 
by passing into the planet’s shadow or by passing behind the 
disc of the planet. Occasionally no satellite is visible being 
either all eclipsed or occulted. This is a rare occurrence. 
Very often the shadow of a satellite may be seen on the disc. 
This is always a beautiful spectacle. The shadow is round' 
and inky black, but oases have been known where the shadow 
was oval near the edge. But an even more beautiful sight is 
the satellite itself on the disc, and this is a frequent occurrence, 
for the planes of the satellites correspond closely with the plane 
of the planet’s orbit. You see the bright satellite approaching 
the edge of the planet; then it passes ob to the disc, and strange 
to say it remains for some time almost as brilliant as before. 
Then its light begins to pale, but not until several minutes 
have elapsed does it become dull. Now it loses its light and 
becomes so faint that when it traverses a bright zone it is very 
difficult to follow its course across the disc. Then when it 
nears the edge it begins to brighten up again, and long before 
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it reaches the edge it shines out with the same brilliant lustre 
it possessed before. 

The reason for this brightening up at the edge must be that 
the planet at its edge is darker or rather duller in appearance 
than in its central regions, and this seems to suggest that here 
we are looking through a greater depth of atmosphere than 
on the centre of the disc. The Snn shows the same darkening 
at its edge, but not so the Moon which has but little atmosphere 
if any at all. 

From time to time strange phenomena take place with 
reference to these satellites. On one occasion the planet 
occulted a certain satellite, but the satellite instead of dis¬ 
appearing instantaneously, as is the case when a star is oo- 
Oulted by the Moon, was some 45 seconds before it entirely 
disappeared, in fact during that period it was actually shining 
through the edge or limb of the planet. This extraordinary 
phenomenon was seen by Mr. Todd, of Adelaide (Govern¬ 
ment Astronomer for South Australia), and his Assistant; 
no doubt can possibly be entertained by any impartial person 
as to the credibility of this occurrence, for both Mr. Todd and 
his Assistant were most capable and reliable observers, and 
they used a first-class telescope, an 8" Cooke Eefractor, more¬ 
over on 4 separate occasions they witnessed the same 
occurrence. 

This can only mean that the outer layer of the planet on 
those occasions must have been sufficiently gaseous and 
transparent for the satellite to shine through an immense 
depth of the planet’s outer substance. 

The more we study the planet the more overwhelming do 
the problems associated with it appear to become. 

The satellites of Jupiter follow the rule of the planets, i.c., 
the inner ones are less than the outer ones. Nos. I and II are 
each about 2,000 miles in diameter and III and IV are about 
3,000, their periods of revolution roimd their primary 
ranging from IJ day to 16 J days. 

To an inhabitant on the Moon, our Earth in the sky will 
look a huge object, but what will Jupiter with his mighty 
bulk look like to a dweller on its nearest satellite. A little 
calculation shows that the planet will appear in the sky as a 
globe with a diameter about 40 times greater than that of the 
Full Moon. Think of that monstrous ball in the heavens. 

In our schooldays we were taught that Jupiter had 4 moons, 
but knowledge has advanced since then. On the 9th September 
(at midnight) .1892, Barnard of the Lick Observatory (Cali¬ 
fornia), whilst carefuEy examining the neighbourhood of 
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Jupiter with the SG"' Refractor, detected ‘‘an exceedingly 
small star ” close to the planet and which he at once suspect¬ 
ed to be a new satellite, a suspicion he soon verified. It 
was the discovery of the year and created a great sensation 
in the astronomical world. We with our 3" or 5" or 7^ 
telescopes cannot hope to see this addition to Jupiter’s 
family for it is but a child of the 13th magnitude and lies 
very close to its parent. 

But this is not all. In 1904 a 6th satellite and in 1905 a 
7th were discovered photographically at the Lick Observatory, 
and in February 1908 an 8th was discovered by the camera 
at Greenwich, and this latest addition is of special interest, 
because its motion round the primary proves to be retrograde. 
The latest (i.c., the 9th) addition (Phoebe) to Saturn’s system 
has a retrograde motion also. How the supporters of the 
Nebular hypothesis reconcile these retrograde motions with 
their pet theory I am waiting to hear. 

To formulate a theory that will fit and accurately account 
for all the extraordinary phenomena seen on the surface of 
Jupiter will require a better theorist than your lecturer to 
night, and I have to confess that theorising has never been my 
forte, still speculating as to the condition, or some of 
the conditions of things on such a strange planet is such a 
fascinating occupation that I feel in some measure drawn to it, 
even though hitherto I have been quite a stranger to such 
pursuits. 

I think we may take it for granted that some kind of 
atmosphere exists on the planet. Vogel and Huggins have 
shown that the spectrum of Jupiter cannot be explained except 
on the ground that an atmosphere exists, for there are absorp¬ 
tion lines which in all probability owe their origin to the dense 
atmosphere that surrounds the planet. Then how can we 
explain the dusky edge of the planet except on the ground 
that it has an atmosphere. 

In Text Books it is generally stated that Jupiter shines to 
some extent by its own inherent light. If this be so, how can 
we explain the total extinction of a satellite when it enters 
the shadow cast by the planet? So far as I know, no satellite 
has ever been known to bo visible, however faintly, white 
in the shadow. Now if any light emanated from the planet 
surely some of the great modern telescopes would either 
reveal the satellite visually or it would make some slight 
impression on the sensitive plate. If the planet give out 
light of its own it must be very slight. But even tliough it 
be proved that Jupiter gives off but little light, this is no 
proof that its surface is of the same cold nature as that of our 
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Earth. It may resemble cooling lava, hot and viscid, but 
giving off practically fto light. Indeed, there is much to show 
that this is probably Jupiter’s surface condition, otherwise 
how shall we explain the strange differential movements 
that are taking place almost everywhere in the southern 
regions and to some slight extent in the northern areas also ? 
Some of these changing features are sufl&ciently permanent 
to persist for years. The Red Spot has been observed system¬ 
atically for 38 years, and the general finding is that its rota¬ 
tion period is greater than that of any other feature on the 
planet. Indeed, scarcely any two spots or areas have the same 
rotation period. This would seem to show that the surface 
which we see is of a liquid or viscous nature and that the great 
Red Spot is a kind of floating island continent of a still more 
viscous nature which lags behind slightly owing to the friction 
of the atmosphere. Difficulties there are of course, but 
other phenomena appear to point in the same direction. 
You will remember the black rectangular spot I referred to in 
the early part of the lecture. This was attracted by the 
Red Spot and eventually entirely absorbed into its own sub¬ 
stance. The elliptical shape of the spot, too, is evidence 
of the same kind. The broadening of the great South 
Equatorial Belt can be partly explained by this theory and 
so can the notch that appeared in front of the South 
Tropical Disturbance, at first deep and narrow but later 
shallow and long drawn out. To explain the origin of the 
spots, white and black and red as well as notches, protu¬ 
berances, arches and such like phenomena is not easy in this 
state of our limited knowledge of the planet. If we assume 
that the surface is in a more or less viscous condition we must 
also take it for granted that vulcanicity is rife, and in all 
probability on an enormous scale on the planet. There havei 
been periods in the past on the Earth when there have been 
outpourings of volcanic matter on a stupendous scale, tho 
lava so poured out has varied in colour. We have the basic 
lava-basalt, black as ink in places, we have the acid lavas, 
the trachytes and rhyolites light or grey in appearance. And 
then we must not forget the immense volumes of steam that 
«;lways accompany each outpouring. Take one or two areas : 
the Deccan outpouring and the basaltic outflow covering tho 
North of Ireland and West of Scotland. We can quite ima¬ 
gine a black spot could be found on Jupiter’s surface when 
we remember what has taken place on our own planet. 
The notch preceding the South Tropical Disturbance might 
well he a huge outpouring partly in the South Tropical Belt 
and South Tropical Zone. And we see it as a notch only 
because the southern half is of the same colour aa the South 
Tropical Zone. 



Nos. 10, 11 & 12] SATURN AND HIS SYSTEM 


149 


The gap I referred to appeared at first as a kind of swelling, 
but afterwards the colours in the swelling and zones merged 
and we could only see it as a gap. But there are dijBfiicultiea 
and I can at best only make a few suggestions. 

And, after all, we must not be dogmatic for our knowledge 
of the planet is still meagre. But I think we have seen 
sufficient to show us that the planet is not yet in a condition 
to sustain life such as this Earth sustains.*’ It is evidently 
still in its infancy, but surely it is being prepared for some 
noble purpose. Can such a magnificent orb, with such a 
magnificent array of attendants circling round it, exist 
merely to reflect a feeble light to a few planets in this Solar 
system ? I cannot think this. I would prefer to think its 
Creator has designed it for a higher purpose. I prefer to 
apply to it the words of the great inspired seer who spoke: 
“For thus saith the Lord that created the heavens, God 
himself that formed the world and made it; he hath establish¬ 
ed it, he created it not in vain, he formed it to be inhabited.” 


Saturn and His System 

By C. V. Baman, M.A. 

At the Town Hall on the evening of Friday the 12th 
March 1916, a lecture on Saturn, his system of rings and 
moons was delivered by Mr. C. V. Kaman, M. A., under the 
auspices of the Astronomical Society of India. The Hon. Mr. 
W. A, Lee presided. 

The lecturer said that Saturn was undoubtedly the most 
beautiful and most interesting of all planets, if not indeed 
of all celestial objects ; and the constitution of the planet and 
rings as disclosed by modern telescopic and spectroscopic 
research certainly added greatly to this interest. Saturn was 
known and his movements had been studied from the 
remotest antiquities and in common with the other planets 
he had been given a place in the Pantheon. The fact that 
had most impressed the ancients was the extreme slowness of 
his movement along the signs of the Zodiac. The lecturer 
explained that according to modern ideas, this apparent 
movement was due jointly to the movements of Saturn and 
the Earth round the Sun, and its smallness was due to the 
great length of the period of revolution of Saturn ; and also 
to his distance from the Sun being large compared with the 
diameter of the Earth’s orbit. This slowness of Saturn’s 
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movement was remarked by the ancients and was given an 
astrological significance. The ancients had rightly placed 
Saturn at the extreme outer limit of the planetary system as 
then known to them. It was a matter of speculation whether 
the ancients were aware of the beautiful ring-system that 
circled the planets. Among the Assyrian tablets unearthed by 
Layard were some representations of the god Nisrochin which 
he was shown surrounded by a circular ring, and there were 
also other tablets which suggested that the Chaldeans 
had, at least in a crude way, observed the rings of Saturn* 
This did not seem inherently improbable as there was 
tangible evidence that the Assyrians knew the art of making 
glass and of shaping lenses, though perhaps only of an im¬ 
perfect kind. The lecturer said that of late he had been 
making careful observations of Saturn through the seven- 
inch Merz equatorially mounted telescope belonging to the 
Science Association in Bow Bazar Street and was much struck 
with the extraordinary fineness of the detail that could be 
made out with the instruments. The lecturer explained from 
optical principles how it was that planetary detail far beyond 
the limit of resolution of a telescope as applicable in the case 
of multiple stars could be readily made out and appreciated. 

The lecturer said that he had studied this question of the 
visibility of planetary detail by laboratory methods. It was 
essentially a case of obhteration of detail by the “ diffrac¬ 
tion ” of light due to the finiteness of the aperature and of the 
wave-length of the light, and it appeared that a dark gap such 
as the Cassinis division in the ring-system of Saturn would 
continue to be visible to the eye long after a double or multiple 
star of equal separation would merge into one continuous spot 
of light. The lecturer said it was this that was the real expla¬ 
nation why visual observation of planets even through a 
small telescope showed a great deal more than a photograph 
of the planet secured even with the aid of the largest 
telescope. 

The lecturer then gave an account of the various phenome¬ 
na exhibited at different periods by the rings and satellites 
and explained how the shadow of the ball on the rings 
and of the rings on the ball, and the transparency of the 
iimermost and outermost portions of the rings all contributed 
to the telescopic appearance of the planet. Photographs of 
the planet and of the spectrum of the ball and the rings had 
been taken at several observatories and the lecturer explained 
how these revealed the structure of the rings surrounding the 
planet as consisting of separate discrete particles of matter 
reflecting sunlight. 
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The Coining of Night 

By Mubibl a. E. Brown. 

The long hot day comes to an end 
And swiftly sinks the setting sun 
Seeming in clearest ambience 
Of green and gold, straight to descend 
Upon the widely stretching plain, 

Beyond the range of flat topped hills 
Now purple in the glory 
Of the glowing sunset stain, 

High in the zenith I descry 
A lonely star—yet pale and dim. 

Serene and calm, it seems to swim 
In blue grey ether, and to my eye 
Appears what to the ear 
Is the muezzin call to prayer 
Floating o’er distant plain and hill 
Soft and remote yet very clear. 

Nature, attuned to prayer one feels 
Lies hushed and still the colour gone 
From out the west, and seeks to pause 
Ere she her greatest splendours will revoal 
My soul expectant throbs, and .still 
The Herald Planet shines more bright, 
First one sweet star steals into vision, 
Then another, and soon the Heavens fill 
With one grand glittering train 
Of burning and scintillating stars 
Against a vault of blackest night 
Above the silent plain. 

Oazing up my spirit shrinks 
And falters, trembling, at the sight 
Of Majesty so glorious. 

Those stars are suns—one scarcely thinks 
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The human brain can grasp or know 
What such a definition means 
And yet retain its hold on life 
With all its petty influences low. 

That high-way across the heavens 
The Ecliptic Path I note 
In which the planets find their road 
To rise or set at even. 

Now too the picture book unrolls 
Of all the Constellations old 
As they so slowly wheel and turn 
Majestically round the Pole ; 

Yon band of gently beaming light 
Which sweeps across the sky 
Must be a flight of spirits pure 
Revealed more clear by sense than sight. 
Near the Ohabutra where I lie 
A subtle fragrance fills the air, 

Known on earth as Jessamine, 

But surely starry petals dropped 
By those sweet spirits as they fly 
Along the gleaming Milky Way, 

Whose fragrance is a message sent 
Of life Divine with us to stay. 


SUTNA, 

15ih November 1915, 



